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Descriptibn 

BACKGROUND OF THE INVENTION 

5 1. R eld of the hTvention 

The present invention relates to an improved electrode structural body and a rechargeable battery provided with 
said electrode structural body. More particularly, the present invention relates an improved electrode structural body 
having a specific electrode material layer and which is suitable for use particularly in rechargeable batteries such as 

10 rechargeatsle lithium series batteries and rechargeable zinc series batteries (these rechargeable k)atteries will be here- 
inafter referred to simply as rechargeable battery) and a rechargeat>le battery provided with said electrode ^ructural 
body and which is always highly safe and stat3ly exhibits excellent battery performances while preventing the generation 
of growth of a dendrite of lithium or zinc upon the repetition of the charging and discharging cycle, and which has a pro- 
longed cyde life (a prolonged charging and discharging cycle life). 

IS The present invention also relates a process for the production of said electrode structure and a process for the pro- 
duction of said rechargeable battery. 

2. Related Backoround Art 

20 In recent years, increasing levels of atmospheric CO2 has been predicted to cause an increase in the earth's tem- 
perature, due to the green house effect 

In the case of the steam-power generation, increasing amounts of a fossil fuel represented by coal or petroleum are 
being consumed for power generation in order to comply with a societal demand for increased power supply Along with 
tNs, the amount of exhaust fumes from the steam-power generation plants has also been continuously increased while 
25 accordingly increases the arrK^unt of greenhouse gases such as cartoon dioxide gas in the air. This results in an earth- 
warming phenomenon. In order to prevent the earth-warming phenomenon from further developing, prohibitions on 
newly established steam-power generation plants have been implemented in some countries. 

Ur>der these circumstances, use of load leveling has been proposed in order to effectively utilize the power gener- 
ator, where rechargeable batteries are installed in locations and a surplus power unused in the night, a so-called dump 
30 power, is stored in these rechargeable batteries, the power thus stored is supplied in the daytime when tiie power 
demand is increased, whereby the power generator is leveled in terms of the load therefor. 

In recent years, electric vehicles which do not exhaust any air polluting substances such as COx, NOx, hydrocar- 
bons, and the like and are of low impact to the environment have been developed. For such electric vehicle, there is an 
increased demand for developing a high performance rechargeak)le battery with a high energy density which can be 
35 effectively used therein. 

On the other hand, ttiere is also an increased demand for developing a miniature, lightweight high performance 
rechargeable battery usable as a power source for potable instruments such as small personal computers, word proc- 
essors, cancorders. and cellular phones. 

As such rechargeable battery, there has proposed various rocking chair type lithium ion batteries in which a car- 
40 bonous material such as graphite capable of intercalating lithium ion at intercalation sites of its six-membered network 
plane provided by carbon atoms in the battery reaction upon charging is used as an anode material and a lithium inter- 
calation compound capable of deintercalating sakj lithium ion from the intercalation in the t>attery reaction upon charg- 
ing is used as a cathode material. Some of these lithium ion batteries have been practically used. However, in any of 
these lithium ion batteries, the theoretical amount of lithium which can be intercalated by the anodes is only an anrtount 
45 of 1/6 per carbon atom. Therefore, using this battery design, it is impossible to attain a desirable rechargeable battery 
having a high energy density comparable to that of a primary lithium battery in which a metallic lithium is used as the 
anode active material. 

Further, in such lithium ion battery when the amount of lithium intercalated by the anode is made greater than tiie 
theoretical amount or charging is conducted under condition of high electric current density, there will an unavoidable 

so problem such that lithium is deposited in a dendritic state (that is, in the form of a dendrite) on the anode comprising tiie 
cart)onous material during the charging operation. This will result in causing internal-shorts between the anode and the 
cathode upon repeating the charging and discharging cycle, wherein there cannot attain a sufficient charging and dis- 
charging cycle life. In addition, it is difficult to operate charging with such high electric current density in the case of a 
rechargeable battery in which a conventional aqueois series electrolyte solution is used. 

55 Now. rechargeable lithium ksatteries in which a metallic lithium is used as the anode have been proposed and they 
have attracted public attention in a viewpoint that they exhibit a high energy density. However, such rechargeable bat- 
tery is not practically usable one because its charging and discharging cycle life is extremely short. A main reason for 
this has been generally considered as will be described in the following. The metallic litNum as the anode reacts with 
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impuiities sudi as water or an organic solvent contained in an eJectrolyte solution to form an insulating tarn or/and the 
metalficlithium as the anode has an irregular surface with portions to which electric field is converged, and these factors 
lead to generating a dendrite of lithium upon r^eating the charging and discharging cycle, resulting in internal-shorts 
between the anode and cathoda As a result, the charging and discharging cyde life of the rechargeable battery is 
5 extremely shortened. 

When the lithium dendrite is formed to make the anode and cathode such that they are internally shorted with the 
cathode, the energy possessed by the battery is rapidly consumed at the internally shorted portion. This creates prob- 
lems in that the k>attery is heated or the solvent of the electrolyte is decomposed by virtue of heat to generate gas, 
resulting in an increase in the inner pressure of the battery. These problems result in damaging the rechargeable bat- 

70 tery or/and shortening the lifetime of the ttattery. 

Use of a lithium alloy such as lithium-aluminum alloy as the anode for a rechargeable lithium battery has been pro- 
posed as a way to suppress the reactivity of the lithium with water or an organic solvent contained in the electrolyte solu- 
tion to prevent lithium dendrite formation. However, this is not practical for the following reasons. The lithium alloy is 
difficult to fabricate into a spiral form and therefore, it is difficult to produce a spiral-wound cylindrical rechargeatsle bat- 

15 tery. Accordingly, it is difficult to attain a desirable charging and discharging cycle life for a rechargeable t>attery 
obtained, and the rechargeat)le battery, it is difficult attain a desirable energy density similar to that of a primary battery 
in which a metallic lithium is used as the anode. 

Japanese Unexamined Patent Publications Nos. 64239/1996. 62464/1991. 12768/1990. 113366/1987. 
15761/1987. 93866/1987, and 78434/1979 dsdose various metals, i.a, Al, Cd. In. Sn, Sb, Pb. and Bi as the metal 

20 capat^le of forming an alloy with lithium in a rechargeable battery when the t^attery is subjected to charging, and 
rechargeable batteries in which these nrietals, alloys of these metals, or alloys of tiiese metals with lithium are used as 
the anodes. 

However, these documertts do not detail about the configurations of the anodes. And any of the rechargeable bat- 
teries disclosed in these documents is problematic in that when any of the alloy materials is fabricated into a plate-like 

25 form such as a foil form which is generally adopted as an electrode of a rechargeable k)attery and it is used as an anode 
of a rechargeable battery in which lithium is used as an active material, the surface area of a portion contributing to the 
t>attery reaction in the electrode material layer is relatively small and therefore, the charging and discharging cyde is 
difficult to be conducted with a large electric current. Further, for a rechargeable battery in which any of the foregoing 
alloy materials is used the anode, there are such problems as will be described in the following. The anode is expanded 

30 with respect to the volume because of alloying with lithium upon charging and shrunk upon discharging, where the 
anode suffers from repetitive variations in the volume. Because of this, the anode has a tendency that it is eventually 
distorted and cracked. And when the charging and discharging cycle is repeated over a long period of time, in the worst 
case, the anode is converted into a pulverized state to have an increased impedance, resulting in shortening the charg- 
ing and discharging cycle life. Hence, none of the rechargeable batteries disdosed in the above Japanese documents 

35 has been put to practical use. 

Japanese Unexamined Patent Publication No. 202675/1965 proposes an anode for a rechargeable battery in which 
a non-aqueous electrolyte is used, said anode being an anode having an improved porosity rate obtained by providing 
a composition composed of powder of a given metal or alloy, a binder and a filler soluble in a solvent, compressk>n- 
molding said composition into a body and immersing said body in a solvent to dissolve the filler contained therein. This 

40 document describes that a rechargealile lithium battery in which said anode is used provides an improved charge-and- 
discharge capacity at a relatively high current density of more than 2 mA/cm^. However, this Japanese document is 
silent about the charging arxi discharging cycle life of the battery. 

EXTENDED ABSTRACTS WED-02 (po.69-72) ON 8TH INTERNATIONAL MEETING ON LITHIUM BATTERIES 
(hereinafter referred to as document WED-02) descritses tiiat by electrochemicaily depositing a Sn material or a Sn- 

45 alloy material on a copper wire of 0.07 mm in diameter as a colledor, an electrode having a deposited layer comprising 
a grained tin material with a small partide size of 200 to 400 nm can be formed, and a battery in which the electrode 
having such deposited layer with a thin thickness of atx)ut 3 ^m and a counter electrode comprising a lithium metal are 
used has an improved charging and discharging cycle life. Document WED-02 further describes that in the evaluations 
in which charging was conducted up to 1.7 Li/Sn with a currem density of 0.25 m/V/cm^. an electrode having a layer 

so comprising a fine-grained tin material of 200 to 400 nm in partide size deposited on a collector conrprising a copper 
wire of 0.07 mm in diameter prepared in accordance with the foregoing manner, an electrode comprising an alloy of 
Sno 9^ Ago 09 and an electrode comprising an alloy of Sno 72Sbo.28 ^vere greater than an electrodes having a layer com- 
prising a coarse-grained tin material of 2000 to 4000 nm in particle size obtained by depositing a Sn-alloy material on 
a collector comprising a copper wire of 1 .0 mm in diameter in the same manner as described in the above, in terms of 

55 the charging and discharging cyde life, respectively by atwut 4 times, about 9 times, and alxjut 1 1 times. However, in 
document WED-02, the evaluated results are those otTtained by using the lithium metal as the counter electrode as 
above described. Document WED-02 does not describes anything about results evaluated in practical battery configu- 
rations. And the foregoing electrode having the fine-grained thin layer of 200 to 400 nm in partide size is one prepared 
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by eJectrbchemical}/ depositing the Sn material or Sn-alloy materiaJ on the copper wire of 0.07 nrmn in diameter. There- 
fore, this electrode is not usable in a practical rechargeatsle battery. Furth^-. the foregoing electrode having the coarse- 
graOned tin layer of 2000 to 4000 nm in particle size is one prepared by depositing the Sn-alloy material on the copper 
wire of 1 .0 mm in diameter, it is urderstood that this electrode is apparently inferior in terms of the charging and cfis- 
5 charging cyde life. 

Japanese Unexamined Patent Publications Nos. 190171/1993, 47381/1993. 114057/1988 and 13264/1988 
describe rechargeable batteries in which various lithium alloys are used as the anodes and in which the generation of 
a dendrite is prevented so as to have an improvement in the charging efficiency and the charging and cfischarging cycle 
life. 

70 Simitariy. Japanese Unexamined Patent Publication Na 234585/1993 describes a rechargeable battery having an 
anode comprising a lithium metal whose surface being uniformly adhered vwth a powdery metal difficult to form an inter- 
metallic compound with lithium in which the generation of a dendrite is prevented so as to have an improvement in the 
charging efficiency and the charging and discharging cyde life. 

However, tiie anode in any of the rechargeable batteries described in these publications is insuffident particularly 

IS in terms of the battery lifetime. 

Joumal of /Vpplied Electrochemistry. 22, 620-627 (1992) disdoses a rechargeable fithium battery in which the 
anode is constituted by an aluminum foil having a surface applied with etching treatment. However, the rechargeable 
lithium battery disclosed in tiiis document is problematic in that when the charging and discharging cycle is repeated 
under standard use conditions for the ordinary rechargeable battery, the aluminum foil is repeatedly expanded and 

20 shrunk, eventually cracking, resulting in a reduction in the current cdlecting performance, wherein the growth of a den- 
drite is liable to occur. Hence, it is difficult for the rechargeable litiiium battery described in this document to have a prac- 
tically usafcrfe charging and discharging cyde life. 

The above situation in the conventional rechargeable lithium batteries is similar in the conventional rechargeable 
zinc series batteries induding nickel-zinc batteries and rechargeable zinc-oxygen (or zinc-air) batteries. That is. in any 

25 of these zinc series tjatteries, problems are liable to occur in that upon repeating the charging and discharging cyde. a 
dendrite of zinc as the anode constituent is often generated and grown to penetrate the separator, resulting in causing 
internal-shorts between the zinc anode and the cathode, where tiie charging and discharging cyde fife is shortened. 

/\ccordingly, there is an increased demand for an improved, highly reliable rechargeable battery which possesses 
a high energy density (or charge energy density) and a prolonged charging and discharging cyde life. 

30 The term "rechargeable battery" herein and hereunder is meant to include a rechargeable lithium battery in which 
intercalation-deintercalatton reaction in accordance with the oxidation-reduction reaction of lithium ion due to charge 
and discfiarge is used, and a rechargeable zinc series recfiargeatrfe battery in which zinc is used as the anode. 

The rechargeable lithium battery herein is meant to indude a rechargeable lithium battery in which a cartx)nous 
material is used as the anode. The rechargeable zinc series battery herein is meant to indude a rechargeable nickel- 

35 zinc battery, a rechargeable zinc-oxygen battery and a rechargeable bromine-zinc battery. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished in view of the above-described situations in the prior art 
40 An object of the present invention is to provide an improved electrode structural body in which an anode active 
material comprising lithium or zinc is used and which is desirably usable in a rechargeable battery, and a rechargeable 
battery provided witii said electi'ode structural body and which has a high energy density and a prolonged charging and 
discharging cycle life. 

/\nother object of tiie present inventk>n is to provide an improved electrode structural body having an etedrode 
45 material layer comprising 35% by weight or more of a grained host matrix material comprising host matrix material par- 
ticles of 0.5 to 60 nm in average partide size formed on a surface or opposite surfaces of a plate-like shaped collector. 

A further object of tiie present invention is to provide a rechargeable battery comprising at least an anode, a cath- 
ode and an electrolyte and in which charging and discharging are operated utilizing oxidation-reduction reaction of an 
anode active material, wherein said anode comprises an electrode structural body having an electrode material layer 
50 comprising 35% by weight or more of a grained host matrix material conrprising host matrix material partides of 0.5 to 
60 fim in average partide size formed on a surface or opposite surfaces of a plate-like shaped collector. 

The grained host matrix material comprising host mafa-ix material partides such spedic average particle size in tiie 
present invention will be hereinafter refenred to simply as "grained host matrix material" or "host matrix material parti- 
des" for simplification purposes. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view illustrating an example of the constitution of an elecb'ode structural body 
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according to the present inventioa 

FIGs. 2(a) and 2(B) are schematic cross-sectional views iitustrating a structure of a collector used in the present 
invention and treatment of said collector in the case of forming an electrode material layer. 

FIG. 3 is a schematic cross-sectional view iDustrattng an exanple of the structure of a grained host matrix material 
5 of an electrode structural kxxiy according to the present invention. 

FIG. 4 ^ a schematic cross-sectional view illustrating another exarrple of the constitution of an electrode structural 
kxxiy according to the present invention. 

FIQ. 5 is a graph showing interrelations among average partide sizes of grained host matrix materials of a metallic 
tin or tin alloy, lifetimes of recfiargeable batteries in which these materials are used, and charge-and-discharge Cou- 
10 lomb efficiencies of said rechargeable batteries. 

FIG. 6 is a graph showing interrelations among densities and void rates of layers each comprising a grained tin host 
matrix material or the like, and lifetimes and k>attery capacities of rechargeable batteries each having an electirode struc- 
tural body with one of said layers. 

FIG. 7 is a schematic diagram illustrating an electroplating apparatus. 
IS FIG. 8 is a schematic diagram illustrating an apparatus for forming a layer on a collector by means electroplating. 

FIGs. 9(a) and 9(b) are schematic views for explaining mechanisms for no cracking to be occurred in an electrode 
structural body according to the present invention upon charging, when used in a rechargeable battery. 

FIGs. 9(c) and 9(d) are schematic views for explaining mechanisms for cracking to be occurred in a comparative 
electrode structural body comprising thinner host matrix material particles upon charging, when used in a rechargeal)le 
20 battery. 

FIG. 10 is a schematic cross-sectional view illustrating a furtiier example of the constitution of an electrode struc- 
tural txxiy according to the present invention. 

FIG. 11 is a schematic cross-sectional view illustirating a basic constitution of an example of a rechargeable battery 
according to tiie present invention. 
25 FIG. 1 2 is a schematic cross-sectional view illustrating an example of a single-layer structure type flat battery (or a 
coin-like shaped battery) according to the preserrt invention. 

FIG. 13 is a schematic cross-sectional view illustrating a spiral-wound cylindrical battery according to the present 
invention. 

FIG. 14 is a schematic perspective view illustrating an exanple of a prismatic t}attery according to the present 
30 invention. 

FIG. 1 5 is a schematic diagram illustrating a measuring device used for measuring an electric resistance of an elec- 
trode material layer. 

FIG. 16 is a chart including XRD cfiffraction patterns obtained In examples and reference examples which will be 
deserved later. 

35 FIGs. 17 to 20 are SEM micrographs (200 times. 1000 times, 3000 times, 20,000 times) each showing a surface 
state of an electrode sfuctural body (in unused state prior to subjecting to charging) in an example of tiie present inven- 
tion. 

FIGs. 21 to 24 are SEM micrographs (200 times, 1000 times, 3000 times, 20.000 times) each showing a surface 
state of an electrode structural body (after having subjected to charging and discharging cyde) in an example of the 
40 present invention. 

FIG. 25 is a SEM micrograph (200 times) showing a suriace state of an electrode structural kxxiy (in unused state 
prior to subjecting to charging) in a reference example of the present invention. 

FIG. 26 is a SEM micrograph (200 times) showing a surface state of an electrode structural txxiy (after having sub- 
jected to charging and discharging cyde) in a reference exanple of the present invention. 

45 

DESCRIPTION OF THE INVENTION AND PREFERRE D EMBODIMENTS 

The present inventors conducted experimental stiJdies in order to solve the foregoing shortcomings due to tiie per- 
formance of the anode which are found in the conventional rechargeable batteries in which the oxidation-reduction 

so reaction of lithium or zinc is used. As a result, there was obtained a finding that an electrode structural txxiy having an 
electt^ode material layer comprising 35% by weight or more of a grained host matrix material comprising host matrix 
material partides of 0.5 to 60 ^m in average partide size formed on a surface or opposite surfaces of a plate-like 
shaped collector enables to realize a desiratsle rechargeable battery (in which the oxidation-reduction reaction of lithium 
or zinc is used) which is free of such shortcomings as above described in the prior art and has a high t>attery capacity, 

55 a high energy density and a prolonged cycle life (that is. a prolonged charging and discharging cycle life). 

The "average particle size"* in the present invention means an average value of sizes of constituent partides of a 
given grained host matrix material which is obtained by observing the constituent partides of the grained host matrix 
material by means of a scanning electron microscope (SEM). 
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Herein, as previousty cfiscussed. the toregobfig document WED-02 describes that a battery in which an electrode 
oorrq^rising a fine-grained tin or tirvalloy nnaterial layer with a sniaD partide size of 20 to 400 nm electrochenmcail depos- 
ited on a copper wire of 0.07 mm in diameter is used has an improved charging and discharging cyde life. In this case, 
it is understood that an extremely thin copper wire (having a diameter of 0.07 nnm) is used as the collector. And aocord- 

5 ing to the description of document WED-02, it is understood that in the case of using a relatively thick copper wire of 1 
rron in diameter as the collector, a coarsegrained tin or tin alloy material layer of 2000 to 4000 nm in particle size is 
deposited thereon, arKj a battery in which this electrode having such coarse-grained material layer of 2000 to 4000 nm 
in particle size deposited on the copper wire of 1 mm in cfiameter is used is inferior in terms of the charging and dis- 
charging cyde life. In this connection, it is considered that according to the technique disclosed in document WED-02. 

^0 it is difficult to realize a practical usable electrode comprising a fine-grained tin or tin-alloy material layer of 200 to 400 
nm in particle size electrochemically deposited on an ordinary plate-like shaped collector having a large area which 
enables to provide a rechargeable tsattery t^ving a satisfactory charging and discharging cyde life. Further, according 
to the description of document WED-02. it is understood that the thickness of the fine-grained tin or tin-alloy material 
layer of 200 to 400 nm in particle size deposited on the copper wire of 0.07 mm in diameter is very thin (about 3 jim). 

t5 The charge capacity per unit area of the electrode calculated from the amount of lithium stored in this very thin tin or 
tin-alloy material layer of 200 to 400 nm in partide size is not of a practically acceptaksle level. 

As akK3ve described, the electrode structural body according to the preserrt invention confrprises the grained mate- 
rial layer (as the electrode material layer) whose constituent partides being controlled to have such specific average 
partide size as above descriljed which is formed on the plate-like shaped collector which is large in terms of the area. 

20 This electrode material layer is a relatively uniform layer with slight unevenness over the large area of the collector. 
When the electrode structural body is used as an electrode in a rechargeable battery, the surface area of the grained 
host matrix material of the electrode nnaterial layer is enlarged when the grained host matrix material is engaged in bat- 
tery reaction. Particulariy, when the electrode structural body is used as the anode in a rechargeable battery in which 
the oxidation-reduction reaction of lithium or zinc is used, and battery reaction proceeds such that an anode active 

25 material is retained in the electrode material layer comprising the grained host matrix materia! upon operating charging 
and said anode active material is released from the electrode material layer. The current density with respect to the sur- 
face area of the electrode material layer of the anode can be reduced so tiiat the electirochemical reaction with respect 
to tiie suriace area of the anode gently and uniformly proceeds. Particularly, the ratio between expansion and corrtrac- 
tk>n of the volume of electrode material layer due to insertion of the anode active material Into and release thereof from 

30 the electrode material layer in the charge and discharge reactions can be diminished, resulting in an improvement in 
both the charge-and-discharge effrciency and the battery capacity and in prolongation of the lifetime (the charging and 
discharging cycle life) of the anode, namely, the battery. 

In the present invention, when the void rate of the electrode material layer as the anode layer is optimized while its 
constituent partides being controlled to have such specific average partide size as above described, the surface of the 

35 electrode material layer is preverrted from being cracked even when the electrode material layer is alternately expanded 
and shrunk due to the insertion of an ion of an active material (an anode active material in tiiis case) into and tiie 
release thereof from the electrode material layer at the beginning stage where ttie charging and discharging cyde is 
repeated several times. 

The term "void rate" in the present invention is Ijased on the following situation. An electrode material layer having 
40 a space formed by a top enveloping surface and a bottom face in contact with a surface of a collector on which said 
electrode material layer is provided wherein the space is packed by given host matrix material partides while having 
unfilled voids among said particles packed in tiie electrode material layer. The ratio of tiie totaled volume of the unfilled 
voids to tiie true volume of the electrode material layer is defined as a void rate for tiie electrode material layer. 

The void rate A can be obtained on the basis of the fbllwing equations (1) and (2). 

45 

V=.i:(w,/d,) (1) 
A = (V - V)A^ (2) 

so In these equations. 

V* is a volume (thickness x area) of an ^ectrode material layer a space formed by a top enveloping suriace and a 
tjottom face in contact with a surface of a collector on which said elect-ode material layer is provided wherein the 
space is packed by given host matrix material particles while having unfilled voids among said particles packed in 
55 the electrode material layer, 

Wj is a weight of said host matrix material particles. 

di is a specific gravity (a true density) of said host matrix material partides, and 

V is a true volume occupied by said host matrix material particles in said electi^ode material layer. 
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Arid the weight (W) of the electrode material layer is tiased on equation W = £w, (in the case where the host 
matrix materia) particles is of one kind material. W » w), and the bulk density d* = W/V* . 

The term "active materiar in the present invention is a general name of a material which is engaged in the electro- 
chemical reaction (particulariy. the repetition of the electrochemical reaction) upon charging and discharging in a 

5 rechargeatie t>attery. The active nraterial includes other material than the at)ove material as long as said material itself 
can engage in the above reaction. Specifically, in the case of a rechargeable lithium battery, lithium element as the 
anode active material is retained on the anode side upon charging, and it is dissolved into an electrolyte solution 
whereby converting into Gthium ion upon discharging. In the case of a rechargeable zinc battery, zinc element as the 
anode active material reacts with hydroxide ion into zinc hydroxide or zinc oxide upon discharging. 

10 In a preferred enixxtiment of the present invention, the electrode material layer (comprising 35% t^y w^ght or more 
of a grained host matrix material of 0.5 to 60 ^ in average particle size) formed the plate-like shaped collector is con- 
trolled to have a void rate in the range of 0.10 to 0.86. When the electrode structural body thus constituted is used in a 
rechargeable battery, the battery characteristics including battery capacity, energy density and cycle life (charging and 
discharging cycle life) are further improved. 

15 In a more preferred embodiment, the electrode material layer is designed such that a plurality of pores having a 
diameter in the range ofO.IOtolO^m (the maximum and minimum values fall in this range) are formed at the surface 
thereof after discharging or tiiat the thickness thereof is in the range of 5 to 500 |im. In addition, it is desired for the elec- 
trode material layer in unused state with neither charging nor discharging have being operated to be controlled to have 
a surface with irregularities of 1 to 60 ^m. 

20 In the following, detailed description will be made of the electrode structural body according to the present invention 
with respect to the structure and constituents and also with respect to preparation of the electrode structural body. 

FIG. 1 is a schematic cross-sectional view illustrating an example of an electrode structural body according to the 
present invention. 

An electrode structural body 10 shown in FIG. 1 comprises a layer 102 (an electrode material layer) comprising 
25 35% by weight or more of host matrix material particles 101 (this will be hereinafter referred to as "grained host matrix 
material" or *host matrix material particles") of 0.5 to 60 nm in average particle size which is formed on a surface of a 
collector 100. In FIG. 1, tiie electrode material layer 102 is provided only one of tiie opposite surface of tiie collector 
100. This is not limitative. It is possible for the elecfrode material layer 102 to be provided on each of the opposite sur- 
faces of the collector 100. 

30 The collector 1 00 serves to supply an electric current so that it can be efficiently consumed for tiie electrode reac- 
tion upon charging, it also serves to collect an electric current generated upon discharging. The collector 100 which is 
used in the anode of a rechargeable t^attery is desired to be constituted by a material which has high electrical conduc- 
tivity and is inactive in tiie battery reaction. Specific preferable examples of such material are Cu, Ni, Fe. Ti. and alloys 
of two or more these metals such as stainless steel. 

35 The collector 100 is plate-like shaped. For the plate-like shape and its tiiickness. there is no particular limitation. 
The plate-like shape may be in a foil-like form having a tiiickness about 100 }im or less. Besides, the collector can 
include a mesh-fike configuration, porous form-like sponge configuration, punching metal configuration or expanded 
metal configuration respectively in a plate-like shape. 

For the surface of the collector 100. it sometimes has minute protrusions such as flaws or the like which will be 

AO occurred in the production process by means of rolling or the like. Such proti-usion is desired to be covered by an appro- 
priate oxide having a resistivity which is higher than that of the constituent material of the collector. Specific examples 
of such oxide are oxides of one or more elements selected from the group consisting of Ni. Zn, Sn, and In. In the case 
where a fine-grained material having a large specific surface is used as the host matrix material of the electrode mate- 
rial layer 102 or in the case where the electrode material layer 102 is formed, for instance, by means of plating or ooat- 

^ ing. when tiie collector 100 has such minute protiusions as above described on the surface thereof in contact with the 
electrode material layer 102, tiiese proti-usions are desired to be at least substantially covered by such oxide as above 
described. To cover the protrusions of the collector by the oxide in the way provides advantages as will be described in 
the following when tiie electrode structural body is used in a rechargeable battery An active material is desiral)ly pre- 
vented from being deposited at the protrusions (which are electrically conductive) due to electric field being converged 

50 at the protrusions upon charging. This leads to preventing the generation or growth of a dendrite of tiie active material 
upon repeating the charging and discharging cycle, where occurrence of internal-shorts in tiie battery is prevented to 
elongate the charging and discharging cycle life of the battery. 

FIGs. 2(a) and 2(b) shows an embodiment in that in tiie case where minute protrusions are present on the surface 
of tiie collector 100 ^own in FIG. 1 . the protrusions are treated as above described, followed by forming tiie electrode 

55 material layer whose constitijent host matrix material particles being controlled as desired. In this embodiment, a given 
metal oxide 104 is deposited onto each of minute proti^usions 103 incidentally occurred (as atx)ve descrtoed) on the sur- 
face of tiie collector 100 so as to cover each minute protrusion by the oxide [see. FIG. 2(a)] , followed by depositing, 
thereon, a grained host mati-ix material 101 [see. FIG. 2(b)] wherelsy forming an electrode material layer 102. The elec- 
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tirode stnictural body prepared by making the nronute protrusions 103 on the surface of the cx)nector 100 to be highly 
electrically resistant and forming the electrode material layer 102 in this way is used as an anode in a rechargeable bat- 
tery, the surface of the anode has a slight number of portions at which electric field is converged. Therefore, when the 
rechargeable battery is either a rechargeable litNum battery or a rechargeable zinc battery, a dendrite of lithium or zinc 

5 is desirably prevented from generating or said dendrite when it should be generated is desirably prevented from growing 
even upon repeating the charging and discharging cycle over a long period of time. 

To cover the minute protrusions of the collector by the oxide as akx>ve described may be corvJucted, for example, 
in the following manner. The collector as a cathode and a counter electrode as an anode are immersed in an electrolyte 
solution conprising aqueous solution of one or more of nitrates selected from the group consisting of nktel nitrate, zinc 

10 nitrate, indium nitrate, and tin nitrate, followed by causing electrolytic reaction, where the quantity of electricity in the 
electrolytic reaction is controlled as required to deposit a given metal oxide onto the minute protrusions of the collector 
whereby covering the minute protrusions by the oxide deposited. 

Description will be made of the host matrix material 101 and the electrode material layer 102. 

In the electrode structural body 10. the electrode material layer 102 which is practically engaged in the electro- 

15 chemical reaction comprises 35% by weight or more of a grained host matrix material 101 (or host matrix material par- 
ticles] of 0.5 to 60 ^m in average particle size as akxsve descrit>ed. In a preferred emt>odiment, the grained host matrix 
material 101 is of 0.5 to 20 (im in average particle size. As the grained host matrix material 101 . an appropriate material 
whose bulk's specific resistance (electric resistivity) at 20 being preferably in the range of 1 x 10"^ to 1 x 10^ n • cm 
or most preferably in the range of 1 x 10"^ to 1 x 10'^ O • cm is used. It is more preferable for the electrode material 

20 layer 102 to contain the grained host matrix material 101 in an amount of 50% by weight or more. Such material used 
as the grained host matrix material 101 can include materials composed of one or more elements selected from the 
group consisting of Si. Ge. Sn. Pb. In, Mg. and Zn which are usable as a constituent of the anode in a rechargeable 
lithium battery or a rechargeable zinc t3atter. Alloys and composites of two or more of these elements are also usable. 
Particularly, when the electrode structural body is for use in a rechargeable lithium battery the grained host matrix 

25 material is desired to comprise a material composed of one or more elemerns selected from the group consisting of Si. 
Sn, and In. When the electrode structural txxly is for use in a rechargeakile zinc battery, the grained host matrix material 
is desired to comprise a material composed of one or more materials selected from the group consisting of zinc oxides 
and zinc alloys. 

The grained host matrix material (1 01) is desired to be covered by a layer comprising a metal which is deferent from 

30 that contained in the grained host matrix material. 

FIG. 3\sa schematic cross-sectional view illustrating an emtxKliment of a host matrix material particle (corre- 
sponding to one of the host matrix material particles 101 shown in FIG. 1) in this case. The host matrix material particle 
101 in this embodiment shown in FIG. 3 comprises a core portion 105 having a surface covered by a metal 106. The 
covering metal 106 serves to assist electron conduction among the particles 101 . 

35 In the case where Sn is used as the host matrix material particle (101) in the electrode structural body. Q) a config- 
uration comprising a metallic Sn or Sn-alloy particle (or powder) whose surface being partially covered by one or more 
metals selected from the group consisting of Cu and Ag; (ii) a configuration comprising a Ni particle (or powdery) whose 
surface being partially covered by metallic Sn; and (ill) a configuration comprising an alloy particle (or powder) com- 
posed of Sn and one or more metals selected from the group consisting of Cu. Ni. Ag, Sb, Bi and Zn may be taken. 

40 According to any of these configurations, the impedance in a rechargeable battery in which the oxidation-reduction 
reaction of lithium or zinc is used can be prevented from increasing, resulting in preventing the charge-and-discharge 
efficiency from decreasing. 

Any of the configurations (i) and (ii) may be obtained as will be described in the following. For instance, the config- 
uration (i) may be obtained in the following manner. Sn particle (or powder) is immersed in an electi-oless plating liquid 

45 and it is engaged in reduction reaction or substitution reaction utilizing a difference of ionization tendency, or Sn or Sn- 
alloy particle (or powder) is immersed in an aqueous solution of a salt of Cu or Ag arxf it is engaged in substitution reac- 
tion, whereby an Sn or Sn-alloy particle (powder) whose suriace being covered by Cu or Ag is obtained. The corifigu- 
ration (ii) may be obtained in the same manner as in the case of the configuration (i). 

In the case where Si is used as the host matrix material particle (101) in the electrode structural t>ody. it is desired 

so to enploy a configuration conrprising a Si particle (or powder) whose surface being partially covered by one or more 
metals selected from the group consisting of Cu. Ni. Ag, and Sn. The foregoing Si may be of less than 99% in purity. In 
tNs case, there is an advantage in that it is possible to obtain a host mati-ix material as the constituent of the electrode 
ntaterial layer by using such relatively inecpensive material and this leads to reducing the production cost of a recharge- 
al>le battery 

55 Further, the foregoing Si is desired to contain an impurity comprising one or fnore elements selected from the group 
consisting of Al, Ca, Cr, Fe, Mg, Mn, arxl Ni. In this case, the electi^ic resistance of the electrode material layer 102 can 
be more decreased. As a result, the impedance in a rechargeable t>attery in which the oxidation-reduction reaction of 
lithium or zinc is used can be prevented from increasing to result in preventing the charge-and-discharge efficiency of 
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the baftery from decreasing. 

The above-described Si partide whose surface bang covered by Cu. Ag or the like may be obtained, for instance, 
in the following manner. Si particle (or powder) is roughened with respect to its surface, a Sn colloid containing Sn-ton 
is deposited on the roughened surface, followed by substituting the deposited Sn by Pd. and using the Pd on the Si par- 

5 tide's surface as a catalyst the Si particle's surface is covered by Cu or Ag by way of electroless reduction reaction. 

The surface of the partide (of Sn or Sn-alloy, Ni. Si. or In) ot^tained using such aqueous solution as above 
descrbed or that of the partide constituted by a component of Sn, Pb or Zn which is of a low melting point tend to be 
deposited with a thin odde film is liable to form a thin oxide film so as to cover the surface. Therefore, it is desired that 
before or after the formation of a layer comprising such partide. such covering oxide film is removed by way of reduction 

10 treatment or surface tireatment using an add whereby improving the performance as the electrode material layer, par- 
ticularly the performance as the anoda 

Incidentally, when the anode active material is Zn. the constituent of the grained host matrix material (101) of the 
electi^ode structural body is desired to comprise a nr^terial selected from the group consisting of alloys comprising Zn 
and one or more metals selected from the groip consisting of Cu, Ni, and Ag and zinc oxides. 

IS The electrode material layer 102 may be a layer constituted by only the grained host matrix material 101 incorpo- 
rated with other inorganic material as required. In this case, the l^er as the electrode material layer is of low electric 
resistance. When the electrode structural body having tfiis electrode material layer is used as an anode in a recharge- 
able t>attery in which the oxidation-reduction reaction of lithium or zinc is used, tiie internal impedance of the battery 
can be decreased, resulting in an increased in the charge-and-discharge efficiency. 

20 For the electrode material layer 102 comprising such powdery host matrix material (101) as ak>ove described, it 
may be formed by a mixture composed of a given starting material as the host matrix material and an appropriate elec- 
trically conductive auxiliary in order to assist and increase eledron conduction among particles of the host matrix mate- 
rial or that between the host matrix material and the collector. For the amount of the electrically conductive auxiliary 
used herein, it is preferred to be in the range of 1 to 30% by weight. 

25 Specific examples of the electrically conductive auxiliary are cartx3nous materials and metallic materials. Such car- 
bonous material can indude amorphous cartxan materials such as acetylene black and ketjen black, and graphite. The 
cart>onous material used herein serves not only to assist the electron conduction among the host matrix material parti- 
cles but also to improve the physical strength of the eledrode material layer 102. In addition, in the formation of the elec- 
trode material layer 102, for instance, in the case where powder of a metal of low melting point such as Sn. Pb, or Zn 

30 as a host matrix material and a electrically conductive auxiliary comprising a given metallic material are mechanically 
mixed using a ball mill or the like, the cart}onous material serves to prevent said powdery metal from being melted into 
a mass. The metallic material as the electrically corxluctive auxiliary in this case can indude Cu, Ni, Ag. Ti, and Fe. 

For the configuration of the eledrically conductive auxiliary, it may be in a spherical form, flake-like form, filament- 
like form, fibrous form, spike-like form, or needle-like form. Besides, it may take a configuration comprising a combina- 

35 tion of two or more of these forms. To use the electrically conductive auxiliary having any of these configurations 
improves the packing density upon the formation of the electrode material layer 102, where the resulting electrode 
material layer is of low impedance. 

The electrode material layer 102 may comprise a composite added witii an organic polymer. In this case, the flex- 
ibility of the electrode structural body is improved. In addition, there are other advantages such that the eledrode com- 

40 prising the electrode structural tDody is free of layer peeling even in the case where rt is spirally wound; in the case where 
the anode comprising the eledrode structural body is repeatedly expanded and shrunk upon repeating the charging 
and discharging cyde. the organic polymer expands and contracts to prevent the eledrode material layer from being 
peeled from the colledor, resulting in the performance of the battery from being deteriorated. 

In the case where the electrically condudive auxiliary is incorporated into the electrode material layer 102 as above 

45 described, it is desired to use the above organic polymer as a binder for the grained host matrix material 101 and tiie 
electrically conductive auxiliary. 

The amount of the at^ove organic polymer contained in the electrode material layer 102 is desired to be in the range 
of 2% by weight to 20% by weight in order to retain the active material layer in a large amount as much as possible upon 
operating charging. 

50 The organic polymer used is required to be stable such tiiat it is not dissolved or decomposed in an electrolyte sdu- 
tion used in a rechargeable k>attery in which the eledrode strudural body is used as the anode. 

Specific examples of the organic polymer in the case where the electrode strudural body is used in a rechargeable 
lithium k>attery are polyolefins such as polyethylene and polypropylene, celluloses such as carboxymethylcellulose. and 
fluororesins such as polyvinylidene fluoride and teto'af luoroethylene polymers. Specific examples of the organic polymer 
55 in the case where the eledrode structural body is used in a rechargeable zinc l>attery are, in addition to those organic 
polymers illustrated in the case of the rechargeable lithium battery, celluloses such as carboxymethylcellulose, polyvinyl 
alcohol, and polyvinyl chloride. 

FIG. 4 is a schenrtatic cross-sectional view illustrating an emtsodiment in which the foregoing eledrically conductive 
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auxiliary and the foregoing organic polymer are used in addition to the grained host matrix material 101 in the electrode 
material layer of the electrode structural body shown in FIGL 1 . 

^The electrode material layer 102 in this case comprises, in addition to the grained host matrix material 101 . a binder 
107 comprising the organic polymer, a spherical cartx>nous material 108 as the electrically conductive auxiliary, a 

5 spherical metallic material 109 as the electrically conductive auxiliary, and a flake-Bke shaped m^aOic material 1 10 as 
the electrically conductive auxOiary. 

When the electrode structural body 10 is used as the anode in a recheugeable lithium tjattery or a rechargeable zinc 
battery, the surface of the electrode material layer 102 in the electrode structural Ixxjly is desired to be designed such 
that a plurality of pores preferably of 0.10 to 10 |tm in dameter are formed after discharging. When such pores are 

10 formed at the surface of the electrode material layer of the electrode structural body after discharging, the area in the 
electrode material layer which reacts with the active material will be increased at the time of successive charging, and 
these pores serve to estat)lish spaces in the electrode material layer which relax the volume expansion upon the inser- 
tion of lithium (upon charging), resulting in an improvement in not only the battery capacity but also the charging and 
discharging cyde life. 

IS For the thickness of the electrode nnaterial layer 102 in the electrode structural body, it is preferably in the range of 
5 to 500 pm. more preferably in the range of 10 to 100 ^m. 

This layer tNckness herein is based on the thickness value measured by a micrometer. 

When the electrode material layer 102 is designed to have a thickness in the range of 5 to 500 \im, particularly in 
the range of 10 to 100 ^m. the utilization efficiency as the electrode is increased, where a large battery capacity can be 

20 attained. In the case where the thickness of the electrode material layer is less than 5 \xm, when the electrode structural 
body is used as the anode of a rechargeable lithium battery or a rechargeable zinc battery, the charge quantity per unit 
area of the anode is undearatsly small and this situation makes the k>attery capacity to be small. On the other hand, 
when the thickness of the electrode material layer is beyond 500 iim, the active material such as lithium or the like is 
difficult to efficiently mobilize into the inside of the layer and therefore, the utilization efficiency Is inferior. In addition to 

25 this, the electrode impedance is increased, resulting in deterioration in the battery performance. 

For the dectrode material layer 102 in the electrode structural body 10. it is desired to have a surface roughness 
preferably of 1 to 60 ^m or more preferably of 5 to 30 ^m in peak-to-valley elevation. The surface roughness value is 
based on the value measured by a stylus method in which a needle of 5 ^m in diameter is swept on the irregular surface 
of an object at an interval of L = 400 pm to obtain the maximum height value and the minimum height value and the 

30 minimum height value is subtracted from the maximum height value to ot>tain a surface roughness value of the irregular 
surface. 

In the case where the electrode structural body is used as the anode of a rechargeable lithium battery or a 
rechargeable zinc k>attery, when the electrode material layer 102 is designed to have a surface roughness to fall in the 
above range, the utilization efficiency of the anode is inproved, resulting in improving the k>attery capacity and prolong- 
35 ing the charging and discharging cycle life of the battery. 

When the surface roughness is less than 1 ^m, the anode's area to react with the active material such as lithium or 
the like is insufficient and therefore, the utilization efficiency is inferior. On the other hand, when the surfoce roughness 
is beyond 60 ^m. electric field is liable to converge at protrusions, where uniform reaction with the active material such 
as lithium or the like does not take place in the anode and the charging and discharging cyde life of the battery will be 
40 shortened- 

The formation of the electrode material layer 102 on the collector 100 using the electrically conductive auxiliary and 
the binder in addition to the grained host matrix material may be conducted, for example, in tiie following manner. A 
given grained host matrix material 101 for the electrode material layer 1 02 is mixed with any of tiie foregoing electrically 
conductive auxiliaries capable of assisting dectron conduction among tiie constituent particles of the grained host 
45 matrix material or between the grained host matrix material and the collector and any of the foregoing organic polymers 
as the binder, followed by adding a solvent for the organic polymer whereby obtaining a paste-like mixture, the paste- 
like mixture is applied on a given plate-like shaped material as the collector, followed by drying. The application of the 
paste-like mixture on the collector in this case may be conducted by means of coater-coating or screen printing. 

The formation of the electrode material layer 102 on the collector 100 may be conducted by press-molding a mix- 
so ture composed of the above grained host matrix material, the above electrically conductive auxiliary and the above 
organic polymer as the binder without containing the solvent for tiie organic polymer or a mixture composed of the 
grained host matrix material and tiie electrically conductive auxiliary without containing the organic polymer as the 
binder on the collector. 

Besides, the formation of the electrode material layer 102 on the collector 100 may be conducted by means of 
55 vapor phase deposition or plating. 

The vapor phase deposition can include CVD (chemical vapor deposition), plasma CVD, resistance heating evap- 
oration, electron beam evaporation, and sputtering. The plating can indude electroplating utilizing electrochemical 
reaction, and electroless plating utilizing reduction reaction. 
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In any of the above desaibed processes for the formation of the electrode material layer on the collector, by c^ti- 
mlzing the related conditions, the grained host matrix material 101 to constitute the electrode material layer 102 on the 
collector 100 is made to have a specific average particle size in the range of 0.5 to 60 pm. 

In the case where Sn. Sn-aOoy. Si or Si*aIloy is used as the host matrix mataial. there can be formed a desirable 
5 electrode material layer comprising a grained host matrix material havirtg a desirably controlled particle size on a plate- 
like shaped collector. \Arher^y a desirable electrode structural body can be obtained. When the electrode structural 
body is used as the anode in a rechargeable battery, espedaily in a recfiargeable Irthium battery, signif icant advantages 
with respect to the battery capacity, energy density, and charging and discharging cyde life are provided. 

Now. it is known that when a tin metal or tin alloy is used as the anode of a rechargeable lithium t)attery. at most 
10 4.4 lithium atoms are taken-in per one tin atom. The theoretical capacity per unit weight in this case is 790 Ah/Kg. 
Therefore, this capacity is theoretically more than two times 372 Ah/I^ for the theoretical capacity in the case where 
graphite is used. 

In the present invention, fc^ preparing an electrode material layer comprising particles of a metallic tin or tin alloy in 
optimized state, a theoretically very high battery capacity can be realized and other battery performances can be mark- 
IS ediy improved. 

In the following, typfoal embodiments in the case of using metallic tin and tin alloy which are partk:ularty suitable as 
the host matrix material in the electrode structural body in the present invention will be detailed. In the tolfowing. items 
where description is made of the case of using metallic tin and tin alloy will be added with indication comprising an indi- 
cation "Sn" arxJ a numeral in a sequential order, i.e., "Sn-1", "Sn-2'*, "Sn-S". — . 

20 

(Sn•^^ METALLIC TIN AND TIN ALLOY USED 

In tiie case of using a Sn (tin)-containing grained material as the constituent of tiie grained host matrix material of 
the electrode material layer In the electrode sti^uctural body in the present invention, as the Sn (tin)-containing grained 
25 material, a grained material comprised of a metallic tin such as tin metal or a grained material of a tin alloy is used. The 
tin alloy can alloys of Sn and one or more elements selected from the group consisting of Sb, Bi, Pb. Ni, Cu. Ag and Zn. 
These tin alloys are desired to contain Sn preferably in an amount in the range of 50% to less than 100% or more pref- 
erably in an amount in the range of 70% to less than 100%. When tiie Sn content is less ttian 50%. a prokilem is liable 
to entail in that the anmunt of litiiium to be taken-in is diminished to decrease the battery capacity. 

30 

{Sn-2) AVERAGE PARTICLE SIZE OF ELECTRODE MATERIAL LAYER 

As previously described, the grained host matrix material to constitute the electrode material layer in the electrode 
structural body in tine present invention is desired to comprises host matrix material particles having an average particle 

35 size in the range of 0.5 to 60 fim. In the present invention, by using a metallic tin (a tin metal) or any of the foregoing tin 
alloys (hereinafter referred to simply as tin aifoy). a desirable layer comprising a grained host matrix material having an 
average particle size in the above range as the electrode material layer can be formed on a given plate-like shaped col- 
lector. In the case using such grained host matrix material (comprising host matrix material particles) of the metallic tin 
or tin alloy, the average particle size thereof Is more preferred to be in the range of 5 to 50 fim. 

40 In accordance with such electroplating manner as described in examples which will be later described, there were 
prepared a plurality of electrode structural bodies each having an electrode material layer comprising a grained host 
matrix material of a tin metal or tin alloy having a different average particle size. And there were prepared a plurality of 
rechargeable lithium batteries comprising one of these electrode structural bodies as an anode and a cathode contain- 
ing lithium-manganese composite oxide. For each of tiiese rechargeable lithium t>atteries. the intenrelations between 

45 the average particle size of the grained host matrix material as the electrode material layer and battery performances, 
i.e., battery lifetime (charging and discharging cycle life) under condition of repeating the charging and discharging 
cycle and charge-and-discharge Coulomb efficiency were evaluated, wherein the battery performances of a recharge- 
able lithium battery of AA-size in which a tin metal foil Is used as the anode and lithium-maganese composite oxide is 
used as the cathode were used as comparison reference standards. The evaluated results obtained are graphically 

so shown in FIG. 5. 

As FIQ.5 illustrates, it is understood that when the average particle size of the grained host matiix material as the 
electrode material layer is less than 0.5 pm. the charging and discharging cyde life is markedly diminished. For the rea- 
son for this, it is considered such that when the average particle size is excessively small, the bulk density of the Sn or 
Sn-altoy layer is increased so that the void rate in the electrode material layer is diminished and as a result, upon repeat- 
55 ing the charging and discharging cycle, cracking is occun-ed in the electrode material layer to cause layer peeling at tiie 
interface between the electrode material layer and the collector. On the other hand, when the average particle size of 
the grained host matrix material as the electrode material layer is beyond 60 |im, it is understood that not only the 
charge^nd-discharge Coulomb efficiency but also the charging and discharging cycle life are diminished. For the rea- 
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son for this, it is considered such that when the average partide size of the grained host matrix material as the electrode 
material layer is excessively large, the electrode material layer has such surface roughness that is large in terms of 
peak-to-valley elevation and because of this, electric field is converged at the protrusions, resulting in generation or 
growth of a dendrite of lithium upon operating charging. 

5 

(Sn-3) CRYSTAL GRAIN MATERIAL 

In the present inventioa the grained host matrix material by which the electrode material layer is constituted, it may 
be a crystal grain material composed of crystallites of a metalOc tin or tin alloy, having an average crystallite size pref • 

10 erat>ly in the range of 1 0 to 50 nm or more preferably in the range of 1 0 to 30 nm under unused condition where neither 
charging nor discharging are operated. 

The "aystallite size" herein is obtained based on a half band width of a peak and an angle of diffraction with respect 
to an X-ray diffraction curve obtained using alpha (a) rays of CuK as the radiation source and in accordance with Scher- 
rer's equation Lc = 0.94 A./(p cos 6) . with Lc being a crystallite size, X being a wavelength of X-ray beam, ^ being a 

IS peak half band width, and 8 being a diffraction angle. 

In the case where the electrode nrtaterial layer in the electrode structural body in the present invention is constituted 
by a host matrix material comprising such crystal grain material as above descrftsed, there are provided sudh advan- 
tages as will be described in the following when the electrode structural txxiy is used as the anode in a rechargeable 
lithium battery or a rechargeable zinc battery. That is. the electrochemical reaction upon conducting the charging and 

20 discharging cyde smoothly proceeds, and the battery capacity is desirably improved. In addition, the electrode material 
layer is prevented from suffering from distortion which will be occurred upon insertion or release of lithium upon oper> 
ating charging or discharging, resulting in prolonging the charging and discharging cyde life. 

(Sn-4) DENSITY AND VOID RATE OF ELECTRODE MATERIAL LAYER 

25 

For the electrode material layer comprising the foregoing host matrix material partides of the metallic tin or tin alloy, 
it is desired to be controlled to have an appropriate density preferat)ly in the range of 1 .00 to 6.56 gfarP or more pref- 
erably in the range of 2.00 to 6.00 g/cm^. 

The density herein is a value obtained on the basts of the weight per unit area and the thickness of the electrode 
30 material layer. 

Further, the electrode material layer is desired to be controlled to have an appropriate void rate preferably in the 
range of 0.10 to 0.88 or more preferakjly in the range of 0.31 to 0.73. 

The void rate herein is a value obtained in the previously described manner using the equations (1) and (2). 

Now, In accordance with such electroplating rr>anner as described in examples which will be later described, tiiere 
35 were prepared a plurality of electrode structural bodies of AA-size each having an electrode material layer comprising 
a grained host matrix material of a tin metal or tin alloy having a different vdd rate by controlling related conditions in 
each case. And there were prepared a plurality of rechargeable lithium batteries comprising one of these electrode 
structural bodies as an anode and a cathode corrtaining lithium rrranganate. For each of these rechargeable lithium bat- 
teries, the interrelations between the density and void rate of the electrode material layer and battery performances, i.e., 
40 battery lifetime (charging and discharging cycle life) under oondrtion of repeating the charging and discharging cycle 
and battery capacity were evaluated, where the battery perfonmance of a rechargeable lithium battery of AA-size in 
which a tin metal toil is used as the anode arxJ litiiium manganate is used as the cathode were used as a comparison 
reference standard with respect to battery capacity. 

In the above, the surface state of the electrode material layer in each battery at a stage after repeating the charging 
45 and discfiarging cycle three times was examined by means of a scanning electron microscope (SEM). 

The evaluated results obtained are graphically shown in FIG. 6. 

Based on the results shown in FIG. 6, the following facts are understood. 

When the void rate of the electrode material layer is less than 0.10 where the density of the layer is beyond 6.56 
g/cnr^. cracking is occunred at the surface of the electrode material layer, and the battery lifetime is shortened. 
so When the void rate the electrode material layer is beyond 0.86 where the density of the layer is less than 1.00 
g/cm^. the battery lifetime and battery capadty are similar to those of the comparative rechargeable lithium batteries. 

When the void rate of the electrode material layer is in the range of 0.31 to 0.73 where the bulk density of the layer 
is in the range of 2 to 6 Q/crrP, the battery lifetime and battery capacity are most excellent. 

Based on the facts provided by FIG. 6. it is understood that by making the electrode material layer to have a density 
55 preferably in the range of 1 .00 to 6.56 g/cm^ or more preferably in the range of 2 to 6 g/cm^ and a void rate preferably 
in the range of 0.10 to 0.86 or more preferably in the range of 0.31 to 0.73, there can be attained a desirable recharge- 
able lithium battery which has a good enough or excellent battery capacity and a protonged battery lifetime. 
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fSn-5>'PQRES FORMED AT ELECTRODE MATERIAL LAYER 

The surbce of the electrode material layer comprising the foregoing host matrix material of the metallic tin or tin 
alloy in the electrode structural body is desired to be designed such that a plurality of pores preferably of 0.10 to 10 (un 
5 in diameter are formed after discharging. When such pores are formed at the surface of the electrode material layer of 
the electrode structural body after discfwging. the area in the electrode material layer which reacts with lithium as the 
active material is increased at the time of successive charging, and these pores serve to establish spaces in the elec- 
trode material layer which relax the volume expansion upon the insertion of lithium (upon charging), resulting in an 
improvement in not only the battery capacity but also the charging and discharging cyde life. 

10 

THICKNESS OF ELECTRODE MATERIAL LAYER 

For the thickness of the electrode material layer comprising the foregoing host matrix material of the metallic tin or 
tin alfoy in the electrode structural body, it is preferably in the range of 5 to 500 iim or more preferably in the range of 10 
IS to 100 |im. 

This layer thickness herein is based on the thickness value measured by a micrometer. 

When the electrode material layer is designed to have a thickness in the range of 5 to 500 fim. partiojlariy in the 
range of 10 to 100 ^m, the utilization effidency as the electrode is increased, where a large t}attery capacity can be 
attained. In the case where the thickness of the electrode material layer is less than 5 (im. when the electrode structural 
20 body is used as the anode of a rechargeat3le lithium tsattery the charge quantity per unit area of the anode is undesir- 
ably small and this situation makes the battery capacity to be small. On the other hand, when the thickness of the elec- 
trode material layer is beyorxJ 500 |jm, lithium as the active material is difficult to efficientiy mobilize into the inside of 
the layer and therefore, the utilization efficiency is inferior. In addition to this, the electrode impedance is increased, 
resulting in deterioration in the battery performance. 

25 

(Sn-T) SURFACE ROUGHNESS OF ELECTRODE MATERIAL LAYER 

For the electi'ode material layer conprising the foregoing host matrix material of the metallic tin or tin alloy in the 
electrode structural body, it is desired to have a suriace roughness preferably of 1 to 60 ^m or more preferably of 5 to 

30 30 |im in peak-to-valley elevation. The surface roughness value is based on the value measured by a stylus method in 
which a needle of 5 ^m in diameter is swept on the irregular surface of an object at an interval of L s 400 to obtain 
the maximum heigfrt value and the minimum heigfit value and the minimum heigfit value is subtracted from the maxi- 
mum height value to obtain a surface roughness value of the irregular surface. 

tn the case where the electrode structural body is used as the anode of a rechargeable lithium battery, when the 

35 electrode material layer has a specific surface roughness in the afcx>ve range, the utilization efficiency of the anode is 
improved, resulting in improving the battery capacity and prolonging the charging and discharging cycle life of the bat- 
tery. 

When the surfece roughness is less than 1 pm, the cinode's area to react with lithium as the active material is insuf- 
ficient and therefore, the utilization efficiency is inferior. On the other hand, when the surface roughness is beyond 60 
40 pm. electric field is liable to converge at protrusions, where uniform reaction with lithium as the active material does not 
take place in the anode and the charging and discharging cycle life of the t>attery will be shortened. 

fSn-8) COMPOSmON OF ELECTRODE MATERIAL LAYER 

45 The electrode material layer comprising the foregoing host matrix material of the metallic tin or tin alloy in the elec- 
trode structural body may contain, besides the metallic tin or tin alloy components, one or more elements selected from 
the group consisting of C. N. O. F. and S. In this case, the electrode material layer is desired to contain one or more of 
these elements at a highest concentration in a layer region thereof on the surface side. 

Of these elements, the oxygen (O) element is desired to be contained in a state that it is chemically bonded with 
so the tin (Sn) element. In this case, it is most appropriate that the oxygen element in a state of tin oxide is present in the 
tin or tin alloy particle's surface. 

The presence of these elements in the host matrix material of the metallic tin or tin alloy by which the electi-ode 
material layer is constituted may be analyzed by X-ray photoelectron spectroscopy (XPS). The composition ratio of 
these elements contained in the electrode material layer may be obtained based on tiie intensity ratio of a peak area of 
ss each element measured by XPS. For instance, with respect to Sn and C. their composition ratio may be obtained based 
on Sn 3d5/2 and CIs peak area and in accordance with the following equation. 

n(C)/n(Sn) = {N(C) • a (Sn) • X (Sn) • S(Sn)}/{N(C) - a (C) • X(C) • S(C)J= {N(C)/N(Sn)} • K(Sn/C) . with n 
being atomic number per unite volume, N being a measured value of a peak area of each element, a being a photo- 
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Ionization cross section, X bang an electron's mean free path, S being a value with respect to a spectrograph's factor, 
arxl K being a sensitive coefficient 

^ In this measurement, calculation is conducted using the CO. Wagner's element sensitivity oo^icieni 
For the content of each element in the electrode material layer, it may be obtained by a manner in which after the 
5 surface of the electrode material layer is cleaned by way of argon ion etching, followed by measurement and it is 
oljtained on the measured result. The bonded state of each element may be obtained based on the position of the cor- 
responding peak. 

(Sn>9^ INCORPORATION OF ORGANIC COMPOUND OR/AND CARBON MATERIAL 

10 

The electrode material layer comprising the foregoing host matrix material of the metallic tin or tin alloy in the elec- 
trode structural body may contain, besides the tin or tin alloy components, an organic compound or/and a carbon mate- 
ria). 

The organic compound can include the foregoing organic polymers usable as the binder. The organic compound 
IS serves as a cushioning in the electrode material layer. It also serves as an adhesive among the particles, where the vol- 
ume of the electrode material layer is prevented from being changed. 

The cait)on material contained in the electrode material layer also serves as a cushioning in the electrode material 
layer as well as in the case of the organic compound, to prevent the volume of the electrode material layer from being 
changed. 

20 

fSn-10) ORIENTATION OF CRYSTAL GRAIN MATERIAL 

For the foregoing crystal grain material composed of crystallites of the metallic tin or tin alloy by which the electrode 
material layer is constituted, the orientation of the tin crystal lattice in the anode in unused state Is desired to have a 

25 preferred orientation with respect to a given lattice plane, arxi have one to three oriented lattice planes. To have orien- 
tation herein means that in a X-ray diffraction peak obtained using alpha (a) rays of CuK as the radiation source, the 
lattice plane's intensity ratio is two times or more the non-oriented peak intensity ratio, where the number of lattice plane 
having such large peak intensity ratio is at most three. 

Particularly, for the foregoing crystal grain material composed of crystallites of the metallic tin or tin alloy by which 

30 the electrode material layer is constituted, it is desired such that a fist peak having the strongest peak Intensity for the 
(200) plane (2 0 = 30.6*" ± 1.0** ) in terms of the Miller ind^ is observed, the ratio of the peak intensity of the first peak 
to a second peak is two or more; or a fist peak having the strongest peak intensity for the (101) plane (2 6 = 32.0*" ± 1 .0* 
) in terms of the Miller index is observed, the ratio of the peak intensity of the first peak to a second peak is two or more. 
In the case where the electrode structural body having the electrode material layer compr^ed such crystal grain mate- 

35 rial is used as the anode of a rechargeable lithium battery, the battery has a prolonged charging and discharging cycle 
life. This is considered due to such factors that dispersion of lithium as the active material into the tin crystal lattices is 
smoothly conducted and as a result the concentration distribution of lithium becomes uniform, resulting in preventing 
the volume of the crystal grain material from being changed and also preventing the crystal grain material from being 
distorted. 

40 

fSn-11> FORMATION OF ELECTRODE M ATERIAL LAYER 

The electrode material layer conprising the foregoing host matrix material of the metallic tin or tin alloy in the 
present invention may be formed by way of deposition reaction utilizing electrochemical reaction (electroplating), dep- 
45 osition reactbn utilizing reduction reaction (chemical plating), or vapor phase deposition. Besides, a manner of coating 
a paste comprising a given powdery material, a given organic polymer and a solvent is also usable. Of these manners, 
electroplating and chemical plating are more suitable for forming an electrode material layer having an average particle 
size and void rate (density) controlled as desired. 

In the following, description will be made of each of the above described manners suitable for the formation of an 
so elecb-ode material layer in the present invention. 

(Sn-11-i) ELECTRQPLATINQ 

FIG.7 is a schematic diagram illustrating an example of an electroplating apparatus suitable for forming an elec- 
55 trode material layer comprising a host matrix material of a metallic tin or tin alloy in the present invention. 

The electroplating apparatus shown in FiG. 7 basically comprises an etectroiysts vessel 300, an electrolyte solution 
301. a cathode 302 comprising a plate-like shaped collector (which is corresponding to the collector 100 shown in FIG. 
1) on which an electrode material layer comprising a host matrix material of a metallic tin or tin alby in the present inven- 
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tion is to be formed, a counter electrode 303 (an anode), a power source 304. and an agitator 306. 

In electroplating using the electroplating apparatus, using the power source 304. electric field of DC (direct current), 
electric field of AC (alternate current), electrk; field of pulse or a combination of two or more of these electric fields is 
applied between the collector 302 (as the cathode) and the counter electrode 303 (as the anode) in the electrolyte sdu- 
5 tion 301 contained in the electrolysis vessel 300 to treat a surface of the collector 302 whereby depositing a matoial to 
be plated on the surface of the collector. In this way. there can be formed a layer comprising host matrix n^erial parti- 
cles of Sn or Sn-aDoy having an average particle size in the range of 0.1 to 60 ^m. and which preferably has a density 
in the range of 1 .00 to 6.56 g/cm^. 

By this electroplating, it is possible to form a layer comprising crystal grains having a complete grain size and on- 
to entation and which has a substantially uniform layer thickness for a relatively short period of time. 

For a layer comprising a grained material of Sn or Sn-alloy deposited by the electroplating, its average particle size, 
layer density, void rate, crystallite size, and presence or absence of orientation can be properly controlled by adji^ng 
related parameters such as the kind of an electrolyte solution used, the corrtent of Sn ion in the electrolyte solution, the 
kind and amount of a material to be added in the electrolyte solution, the temperature upon the plating treatment, the 
IS kind of the electric field applied, the cun-ent density at the cathode, and the voltage applied between the cathode and 
anode. 

In the foDowing. description will be made of the requirements in the electroplating using the electroplating appara- 
tus shown in FIG. 7. 

20 ELECTROLYTE SOLUTION 301: 

As the electrolyte solution, it is desired to use an electrolyte solution containing at least Sn Ion in an amount of 
0.001 to 5 nrtol/L. Specific examples of such electrolyte solution are chloride solution, fluoride solution, sulfete solution, 
cyanide solution, pyrophosphate solution, perchtoric acid solution, oxalate solution, potassium stannate solution. 
25 sodium stannate solution, and organic cart>oxylate solution, respectively containing Sn dissolved therein. 

In the electrolyte solution, it is desired to disperse a sutjstance composed of one or more elemerrts selected from 
the group consisting of C. N. O, F, S and H. By dispersing such sut^stance in the electrolyte solution, it is possble to 
eventually incorporate one or more of these elements into or among particles of Sn or Sn-alloy deposited upon the elec- 
troplating treatment. 

30 The substance dispersed in the electrolyte solution can include organic oompounda Specific examples of such 
organic conopound are amino acid series materials such as gelatin, glues, and proteins: and sugar materials such as 
glucose, fructose, saccharose, starch, dextrin, glycogen, molasses, licorice, and cellubses. Besides. cresolsuHbnic 
acid, p-naphthol. formalin, hydroquinone, polyethylene glycol, and vinyl compounds are also usable. 

It is possflDle that a monomer capable of causing electro-polymerization is dispersed in the electrolyte solution to 

35 take place polymerization reaction by way of electrochemical oxidation or reduction on the collector (the cathode) 
whereby incorporating the polymerized material in the particles off Sn or Sn-alloy. In the case of using a monomer capa- 
ble of being polymerized on the reduction side, it Is possible to incorporate the polymerized material into the particles 
of Sn or Sn-alloy simultaneously when they are deposited. In the case of using a monomer capable of being polymer- 
ized on the oxidatk>n side, by using electric field of AC or pulse, the polymerized materieU can Y>e incorporated to the 

40 collector side. 

The monomer capable of causing electrolytic oxidation polymerization can include aromatic compounds having an 
amino group or hydroxyl group-bearing benzene ring such as aniline and phenol; heterocyclic compounds such as pyr- 
role, furan, and thiophene; and polycydic compounds having two or more condensed aromatic rings such as azulene 
and pyrene. Besides, dibenzocrown ethers and benzen are also usabla 
45 The monomer capable of causing electrolytic reduction polymerization can include vinyl group-bearing compounds 
such as vinylpyridine. vinyl-4-tert-butyIbenzoate, 4-vinyl-1-cyclohexane. 4-vinyl-1 -cydohexane-1 ,2-epoxide. vinylde- 
canoate, 2-vinyl-1 .3-dioxolan. 1 -vinyl imidazole, vinyleodecanoate, 1 -vinyl-2.2-pyrrolidinone, and vinyl stearate. 
Besides, acetylene and acetylene derivatives are also usable. 

In the case where an organic compound containing O. S and N is incorporated into an layer comprising a host 
so matrix material of Sn or Sn-alloy, when the layer is used as the anode in a rechargeable battery, the battery has an 
improved charge-and-discharge efficiency. For the reason for this, it is considered such that because these elements 
have electron attractive properties, upon charging, lithium (Li) is stabilized while preventing it from being reacted with 
an electrolyte solution of the battery. 

Further, it is desired to disperse a cartoon material in the electrolyte solution. In this case, it Is possible for the car- 
55 bon material to be incorporated into or among the particles of Sn or Sn-alloy during the electroplating treatment. 

Besides, it is also desirable to disperse a surface active agent in the electrolyte solution. Particulariy. when an 
appropriate cationic surface active agent is dispersed in the electrolyte solution, it is possit>le for the cartoon material to 
be effectively incorporated into or among the particles of Sn or Sn-alloy during the electroplating treatment. 
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1^ 

Specific examples of such cationic surface active agent are perf tuorohexane. sodium decanate. sodium decyl sul- 
fate, sodium decyl sulfonate, sodium dodecanate. copper dodecyl sulfate (11). sodium dodecyt sulfonate, and sodium 
hexadecyt suHata 

For the temperature of the electrolyte solution upon the electroplating treatment it is desired to be in the range of 

5 0 to 85 **C. 

ANODE 303 : 

The anode 303 which serves as the counter electrode in the electrolytic reaction is desired to be constituted by a 
10 tin metal or tin alloy. For the area of the anode, it is desired to be preferably in the range of 0.1 to 1 or more preferably 
in the range of 0.5 to 1 , respectively in terms of the ratio to the area of the cathode 302 (the collector). 

For the distance between the anode 303 and the cathode 302. it is desired to be preferably in the range of 2 to 50 
cm or more preferably in the range of 5 to 30 cm. 

IS POWER SOURCE 304 : 

As the power source 304. it is desired to use a power source which can apply electric field of DC, electric field of 
AC, electric field of pulse or a combination of two or more of these electric fields between the anode 303 and the cath- 
ode 302 and can control the current density of the cathode in the range of 1 to 50 mA/cm^. It is also desired for the 
20 power source to be capable of control the voltage applied between the anode and the cathode in the range of 0.05 to 
10 V. 

SlifiBlNQ: 

25 By stirring the electrolyte solution 301 contained in the electrolysis vessel 300, there can be formed a layer com- 
prising a host matrix material of Sn or Sn-alloy having a uniform thickness and which has few pinhole. To stir the elec- 
trolye solution can be corxiucted by a mechanical manner or a manner by way of gas bubbling. 

The mechanical stirring manner can include a manner conducting the stirring by using the agitator 305 and a man- 
ner of conducting the stirring by moving either the cathode or the anode. 

30 The stirring manner by way of gas bubbling can be conducted by bubbling air. nitrogen gas. hydrogen gas. or argon 
gas in the electrolyte solution contained in the electrolysis vessel. Of these kxjbbling gases, nitrogen gas and argon gas 
are particularly appropriate since these gases can prevent the electrolyte solution from being oxidized. 

(Sn-1 1-ii) CHEMICAL PLATING 

35 

It is possible to form a layer comprising host matrix material particles of Sn or Sn-alloy by way of deposition reaction 
(chemical plating) utilizing reduction reaction. 

In the chemical plating, the collector as an object to be treated is treated in a chemical plating solution, whereby 
forming said layer on the collector. 
40 A preferable example of the chemical plating is reduction type plating utilizing reduction deposition by means of a 
reducing agent In the reduction type plating, plating of Sn is conducted by using a reducing agent comprising titanium 
trichloride, hypophosphite, or boron hydride, respectively having a strong reducing property. In this case, the atx>ve 
described layer can be formed on a plate-like shaped substrate made of Cu. Ni, Fe or stainless steel as the collector. 
And by adding a complexing agent comprising citric acid, EDTA, or nitrilotriacetic add into the chemical plating solution, 
45 the chemical plating solution can be desirably stabilized. 

As well as in the case of the above described electroplating, by dispersing a substance composed of one or more 
elements selected from the group consisting of C. N, O, F. S and H in the chemical plating solution, it is possible to even- 
tually incorporate one or more of these elements into or among particles of Sn or Sn-alloy deposited upon the chemical 
plating treatment. 

so 

fSn-11-iii^ VAPOR PHASE DEPOSITION 

It is possible to form a layer conrprising host matrix material particles of Sn or Sn-alloy on a collector by way of CVD 
(chemical vapor deposition), plasma CVD. resistance heating evaporation, electron beam evaporation, or sputtering. 

55 

(Sn-11-iv) PASTE COATING MANNER 

It is possible to form a layer comprising host matrix material particles of Sn or Sn-alloy on a collector by a manner 
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of coating a paste obtained by converting particles of Sn or Sn-aJIoy having a desired average particle size into a paste 
on a coDector. Particularly, for instance, at least particles of Sn or Sn-alloy having a desired average particle size, a 
given resin and a solvent capable dissolving said resin are mixed to obtain a paste, the paste is applied on a surface or 
opposite surfaces of a collector, followed by drying, whereby said l^er can be formed on the coOector. 

5 

fSn-121 APPARATUS FOR PRODUCING AN ELECTRODE STRUCTURAL BODY 

FIG. 8 is a schematic diagram of an example of an apparatus (system) suitable for the production an electrode 
structural body having an electrode material layer (comprising a grained host matrix material of Sn or Sn-alloy) acoord- 
10 ing to the present invention. 

The apparatus shown in FIG. 8 basically comprises a plating vessel 401 . an oxide-removing vessel 402. a drier 403 
(oven), and first and second rinsing vessels 404. and feed rollers 407. In this apparatus, a web-like collector 408 is con- 
tinuously is moved in the respective vessels by means of the feed rollers 407 while being treated in each vessel, 
whereby an electrode material layer (comprising a grained host matrix material of Sn or Sn-alloy) according to the 
IS present inventfon is continuously formed on the collector 406. 

It is desired for the plating vessel 401 to be provided with a liquid circulation device 405 for circulating a plating solu- 
tion contained in the plating vessel 401 in order to remove precipitates and the like in the plating solution in the plating 
vessel 401. 

The plating vessel 401 is also provided with counter electrodes 408 and a power source 409. where the counter 
20 electrodes 408 are electrically connected to the power source 409. The counter electrodes and power source in this 
case are sufc)stantially the same those used in the apparatus shown in FIG. 7. 

In the plating vessel 401 . the formation of the above electrode material layer on the collector 406 is conducted. After 
this, the collector 406 having the electrode material layer formed thereon is moved into the first rinsing vessel 404 to 
subject to rinsing with water, where the plating solution remained thereon is sufficiently removed. TTien, the collector 
25 having the electrode material layer is moved into the oxide-renrK3ving vessel 402 containing an oxide-removing solution 
therein, where the surlace of the electrode material layer is treated by the oxide-removing solution, whereby oxides 
present on the surface of the electrode material layer are removed. The oxide-removing solution can include acid aque- 
ous solutions or alteiline aqueous solutions. A specific example of such oxide-removing solution is an aqueous solution 
of sodium tertiary phosphate. 

30 After the treatment in the oxide-removing vessel 402. the collector having the electrode material layer is moved into 
the second rinsing vessel 404 to subject to rinsing with water, where the oxide-removing solution remained thereon is 
suffidentiy removed. After this, the collector having the electrode material layer is moved into the drier 403, where it is 
subjected to drying treatment. The drying treatment is desired to fc>e conducted in an atmosphere composed of gas 
incapable of causing oxidation such as argon gas or nitrogen gas or under reduced pressure condition, in order to pre- 
ss vent both the collector and the electrode material layer from being oxidized. 

The apparatus shown in FIG. 8 may be provided with a conrtpression means (not shown) for subjecting the elec- 
trode material layer formed on the collector. In this case, it is possible to uniform the thickness of the electrode material 
layer formed on the collector. It is also possible to properly control the density, void rate and surface roughness as 
desired. 

40 

(Sn-13^ PERFORMANCE OF ELECTRO DE MATERIAL LAYER fcmorisino tin or tin allov as host matrix material) 

When an electrode structural body having an electrode material layer conpristng a grained host matrix material of 
Sn or Sn-alloy according to the present invention formed as above described is used as the anode in a rechargeable 
45 battery, especially in a rechargeable lithium batter, &/en after the initial repetition of the charging and discharging cyde. 
i.e.. the charge and discharge reaction cycle of 1 to 3 times, no cracking Is occurred at the electrode material layer 

The "cracking" herein means a turtle shell-like shaped crack of 1 ^m or more in groove width which is found in the 
observation of the layer surlace by means of a scanning electron microscope (SEM). 

FlGs. 9(a) through 9(d) are schematic views illustrating assumed mechanisms when cracking is not occurred and 
so when it is occurred at the electrode material layer in the electrode structural body (as the anode). 

In Figs. 9(a) through 9(d). reference numeral 10 indicates an electrode structural body whose structore being basi- 
cally the same as that of ttie electrode structural body shown in FIG. 1. Reference numeral 102 indicates an electrode 
material layer comprising host matrix material particles 101 of Sn or Sn-alloy formed on a collector 100. 

In Rgs. 9(a) through 9(d). it should be understood the electrode structural body 10 as the anode in the rechargea- 
55 ble lithium battery as above described is positioned to oppose the cathode (not shown) in which lithium is intercalated. 

FlGs. 9(a) and 9(b) are of an example when the host matrix material particles 101 are of a relatively large average 
particle size arKi they are packed in tiie electrode material layer 102 to have relatively large void regions 1 11 at an opti- 
mized void rate. 
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FIGs.'9(c) and 9(d) are of an exanrple when the host matrix material particles 101 are of a relatively small average 
partide size and th^ are densely packed in the electrode material layer 102 to have very small voof regions 112 at a 
very small void rate. 

Each of FIGs. 9(a) and 9(c) is of a state prior to charging. Each of FIGs. 9(b) and 9(d) is of a state after charging 
5 has been operated. 

Upon charging, lithium ion contained in the electrolyte or electrolyte solution is insaled into the particles 101 in the 
electrode material layer 102, where the particles 101 are volume-expanded to result in enlarging the volume of the elec- 
trode material layer 102. 

In the case of FIG. 9(a). the volume changes of the particles 101 due to the charging are sufficiently relaxed by the 
10 void regions 111, where the distortion of the electrode material layer 102 as a wtiole is desirably diminished and 
because of this, no cracking is occurred [see. FIG. 9(b)] . 

On the other hand, in the case of FIG. 9(c), as atx>ve described, the particles 101 are densely packed in the elec- 
trode material layer 1 02 to have very small void regions 1 1 2 at a very small void rate. Because of this, when the particles 
101 are volume-exparxied due to the charging, the electrode material layer 102 is ev^ually distorted to cause cracking 
IS 112 in the electrode material layer 102 [see. FIG. 9(d)] . When such cracking is occurred, there are entailed p>roblems 
such that the electrode material layer 102 is peeled off from the collector 100. and the electrode material layer is finely 
pulverized when the charging and discharging cyde is repeated, where the impedance of the electrode structural body 
as the anode is increased to result in shortening the charging and discharging cycle life. 

Now, the electrode material layer in the electrode structural body according to the present invention may be 
20 designed to have a two-layered structure. 

For instance, on an electrode material layer (comprisirrg 35% by weight or wore of a grained host matrix material 
(host matrix material partides) having an average particle size in the range of 0.5 to 60 ^m as a fir^ layer which is 
formed on a surface or opposite surfaces of plate-like shaped collector, a second layer comprising 80 to 98 % by weight 
of an inorganic material and 2 to 20 % by weight of an organic polymer is provided. 
25 FIG. 10 is a schematic cross-sectional view illustrating an electrode structural body (11) having such two-layered 
structure as above described. 

Particularly, the electrode structural body 1 1 shown in FIG. 10 comprises a first layer 102* and a second layer 112 
stacked in this order on a plate-like shaped collector 100. wherein said fist layer 102* is of the constitution similar to that 
of the electrode material layer (102) shown in FIG. 1 but specifically, it comprises 35% by weight or more of the grained 
30 host matrix material 101 (host matrix material particles) of 0.5 to 60 ^m in average partide sze, and said second layer 
112 comprises an inorganic material 113 (in an amount of 80 to 98 % by weight) and an organic polymer 114 (in an 
amount of 2 to 20 % by weight). 

In a preferred embodiment of the electrode structural body 1 1 . the specific resistance of the grained host matrix 
material 101 in the first layer 102* when it is in a txjik state at 20 °C is made to be greater than that of the constituent of 
35 the collector 100. and the specific resistance of the inorganic material 1 13 in the second layer 112 when it is in a bulk 
state at 20 ""C is made to be greater than the above specific resistance of the grained host matrix material 101 in the 
first layer 102*. 

In a particularly preferred embodiment, in the case of using the electrode structural body 1 1 as the anode in a 
rechargeable battery, when the electrode structural body is in an initial state or in a state of having been substantially 

40 subjected to discharging (specifically, in a state that more than 95% of the quantity of electridty with respect to the 
capacity has been discharged), the first layer 102' and the second layer 1 12 are designed so that the above relation- 
ships with respect to specific resistance can be establtehed. In this case, when the electrode structural body 1 1 is used 
as the anode in a rechargeable lithium battery (in which the anode active material is lithium) or a rechargeable zinc bat- 
tery (in which the anode active material is zinc), upon charging, lithium ion or zinc ion as the anode active material 

45 which penetrates the second layer 1 1 2 is reduced to deposit in the first layer 102' situated near the collector 1 00, and 
since the second layer 1 12 is high in terms of the specific resistance, no deposition of lithium or zinc is occurred in the 
second layer 112 until the active material-retaining capacity of the first layer 102' is exceeded. 

On the other hand, in the case where the specific resistance of the second layer 1 12 is relatively low. there is con- 
sidered such possibility that upon charging, the anode active material is deposited in the first layer 102'. followed by 

50 arriving in the second layer 1 12 wherein it starts depositing; and when the charging and discharging cycle is further 
repeated, the anode active material deposited in the second layer 112 upon charging is grown into a dendrite, where 
internal-shorts will be occurred between the anode and cathode depending upon the related conditions. 

However, the electrode structural txxfy configured as above described is free of such possibility as above 
described. Particularly, when the electrode structural body is used as the anode in the rechargeable lithium battery or 

55 the rechargeatde zinc battery, the generation or growth of a dendrite of the anode active material upon charging is effec- 
tively prevented. And the anode active material is effectively retained in the first layer 102' upon charging and it is effec- 
tively released from the first layer 102' upon discharging, and even when the first layer 102' should be suffered from 
certain fracture due to the fatigue caused as a result of repetition of vdume expansion and contraction thereof upon the 
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repetition of the charging and discharging cyde, the second layer 112 serves to prevent the first layer 102' from being 
peeled off. This situation results in prolonging the charging and discharging cycle life of the battery. Hence, there can 
be realized a desirable rechargeable lithium battery and a desirable rechargeable zinc battery respectively having a 
prolonged charging and discharging cyde life. 

5 As above described, the electrode structural body 1 1 the two-layered structure comprising the first layer 102' and 

the second layer 112 stacked in this order on the plate-like shaped collector 100 is characterized in that the fist layer 
102' comprises 35% by weight or more of the grained host matrix material 101 (host matrix material partides) of 0.5 to 
60 ^m in average partide size, and the second layer 112 comprises the inorganic material 1 13 in an amount of 80 to 
98 % by weight and the organic polymer 1 14 in an amount of 2 to 20 % by weight. The electrode structural body has 

10 such advantages as above described. That is. when used as the anode in a rechargeable battery (a rechargeable fith- 
ium battery or a rechargeable zinc battery), the electrode structural body as the anode desirably follows its repeated 
expansion and contraction upon the repetition of the charging and discharging cyde. and the second layer 112 always 
protects the first layer 102' without being destroyed even when the charging and discharging cycle is continuously 
repeated over a long period of time. 

IS For the inorganic material 1 13 in the second layer 1 12. its specific resistance in a bulk state at 20 ""C desired to 
be preferably in the range of 1 x 10"^ to1x10^n*cmor more preferably in the range oflxlO'^tolxlO^O- cm. 

Taking into consideration the preferable range of the specific resistance (the electric resistivity) [1 x 10'^ to 1 x 10^ 
n ' cm in a bulk state at 20 **C] of the grained host matrix material 101 in the first layer 102\ by increasing the specific 
resistance of the second layer 1 12 to be greater than that of the first layer 102', the active material can be effectively 

20 prevented from being deposited on the surface of the second layer upon charging. 

For the thickness of the second layer 1 12. it is desired to be in the range of 1 to 30 fim. In this case, irregularities 
present in the surface of the first layer 102* are desirably covered by the second layer 1 1 2. In addition, it is ensured that 
the anode active material in a large amount is retained in the first layer 102' upon charging. This situation enables to 
produce a rechargeatDle battery (a rechargeable nthium battery or a rechargeable zinc battery) having a large battery 

25 capadty per unit volume. In order to more increase the battery capacity, it is desired for the tfiickness of the second 
layer to be preferably in the range of 5 to 20 pm. 

For the above described electrode structural body, in the case where it is used as the anode in either a rechargea- 
ble lithium battery or a rechargeable zinc battery, espedally before charging, it is preferred that the specific resistance 
of the layer 102' is 10 times or more that of the constituent of the collector 100 and that the specific resistance of the 

30 second layer 1 1 2 is 10 times or more that of the first layer 102*. By this, the generation of a dendrite of lithium or zinc is 
desirably prevented even upon repeating the charging and discharging cycle over a long period of time, resulting in pro- 
longing the charging and discharging cycle life of the battery. 

Specific examples of the inorganic material 113 in the second layer 1 12 are carbonous materials induding amor- 
phous cariDon and graphite, metal oxides, metal borates, metal nitrides, metal carbides. an6 mixtures of these materials. 

35 ^ecffic examples of such metal oxide are indium oxide, tin oxide, zinc oxide, and mixtures of these. 

Specific examples of the organic polymer 1 1 4 are polyolef ins such as polyethylene and polypropylene, f iuororesins 
such as polyvinylidene fluoride and tetrafluoroethylene polymer, and celluloses. 

The formation of the second layer 112 may be conducted, for example, in the following manner. A mixture com- 
posed of any of the foregoing inorganic materials in an amount of 80 to 98 % by weight and any of the foregoing organic 

40 polymers (capable of serving as a binder) in an amount of 2 to 20 % by weight was mixed with a solvent for the organic 
polymer to obtain a paste-like mixture. The paste-like mixture in a desired amount is applied onto the first layer 102' pre- 
viously formed on the collector 100 in accordance with the previously described manner for the formation of the elec- 
trode material layer, followed by drying, whereby a layer as the second layer 1 12 is formed. Besides, the formation of 
the second layer 112 may be also conducted in the following manner without using the solvent. That is, such mixture as 

45 used in the above is compression-molded on the first layer 102* to form a layer as the second layer 112. 

Using any of the foregoing electrode structural bodies above described as an electrode, there can be obtained a 
desirable rechargeable battery. Particularly, by using the electrode structural body as the anode in a rechargeable bat- 
tery having a high energy density in vt/hich an active material such as lithium or zinc which is liable to deposit in a den- 
dritic state upon charging, e.g.. a rechargeable lithium battery or a rechargeat)le zinc battery, the lifetime (the charging 

so and discharging cyde life) of the battery can be desirably prolonged. 

In the following, description will be made of an example of the constitution of a rediargeabte battery accorcfing to 
the present invention with reference to FIG. 1 1 . 

FIG. 1 1 is a schematic cross-sectional view illustrating a basic constitution of an example of a rechargeable battery 
(a rechargeable lithium battery or a rechargeable zinc battery) according to the present invention. 

55 In the battery shown in FIG. 1 1 . an assembled body comprising a separator 413 (including an electrolyte or an elec- 
trolyte solution) interposed between an anode 411 (conrprising the electrode structural body according to the present 
invention shown in FIG. 1 or FIG. 10) and a cathode 412 is endosed by a battery housing 414 (or a battery vessel). 
In the case where a solid electrolyte is used as the electrolyte, no separator is occasionally installed. 
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Reference numeraJ 415 indicates a negative ternninal (a negative outputting and inputting terminal) wtiich is pro- 
vided at the capping of the battery housing wtiile electricaity connecting to the anode 41 1 through a lead, and reference 
numeral 416 indicates a positive terminal (a positive outputting and inputting terminal) which is provided at the capping 
of the battery housing while electrically connecting to the cathode 412 through a lead. 
5 In the following, description will be made of each of the battery components (excluding the anode 41 1) in each of 

the rechargeable litfuum t}attery and the rechargeable zinc battery. 

CATHODE 

10 The cathode (412) generally comprises a cathode collector, a catfiode active material, an electrically conductive 
auxiliary, and a binder. 

The cathode is usually formed by disposing a mixture composed of a cathode active material, an electrically con- 
ductive auxiliary and a binder on a mennt>er capable of serving as a cathode collector. 

The electrically corxiuctive auxiliary can include graphite, cartoon blacks such as kelien black and acetylene black, 
IS and metal fine powders of nickel or the like. 

As the binder in the case of using a non-aqueous series electrolyte solution as in the case of a rechargeable lithium 
battery, there can be illustrated polyolefines such as polyethylene, polypropylene, and the like, and f luororesins such as 
polyvinylidene fluoride, tetrafluoroethylene polymer, and the like, tn the case of using an aqueous series electrolyte 
solution as in the case of a rechargeable zinc battery, the binder can irKlude eel ul loses such as carboxymethylcellulose, 
20 polyvinyl alcohol, and polyvinyl chloride. 

As the cathode active material in the case of a rechargeable lithium battery, there is usually used a compound 
selected from transition metal oxides, transition metal sulfides, lithium-transition metal composite oxides, and lithium- 
trar^tion metal composite sulfides. The metals of these transition metal oxides and transition metal sulfides can include 
metals partially having a d-shell or f-shell. ^edf ic examples of such metal are Sc. Y. lanthanoids^ actinoids. Tl, Zr. Hf, 
2S V. Mb. Ta. Cr. Mo. W. Mn. Tc, Re, Fe. Ru, Os, Co. Rh. Ir. Ni. Pd. FX, Cu. Ag and Au. Of these, Ti, V, Cr, Mn, Fe. Co. Mi 
and Cu are the most appropriate. 

As the cathode active material in the case of a rechargeable nickel-zinc battery, there is usually used nickel oxyhy- 
droxide or nickel hydroxide. 

As the cathode active material in the case of a rechargeable zinc-oxygen battery which comprises a cathode col- 
30 lector, a catalyst, and a water repellent, there is used oxygen. This oxygen is usually supplied from the air. As the cat- 
alyst in this case, there is usually used porous carbon material, porous nickel material, copper oxide, or nickel oxide. 
The water repellent can include f luororesins such as porous tetrafluoroethylene polymer and porous polyvinylidene flu- 
oride. 

As the cathode active material in the case of a rechargeable bromine-zinc battery, there is used bromine. 
35 The cathode collector (not shown in FIG. 11} serves to supply an electric cun-ent so that it can be efficiently con- 
sumed for the electrode reaction upon charging or to collect an electric current generated upon discharging. 

The cathode collector is therefore desired to be constituted by a material which is highly electrically corxiuctive and 
is inactive to the battery reaction. 

Specific examples of such material are metals such as Ni, Fe, Ti, Al. Pt. Au, and Pb; alfoys of these metals such as 
40 Stainless steel; and metal composites of two or more of said metals. 

In the case where the cathode collector is tor a rechargeable zinc battery, when it is intended to use Al. it is neces- 
sary to be used by covering by other metal or converting it into an alloy because the Al is dissolved in an alkaline elec- 
trolyte solution. 

The cathode collector may be shaped in a plate-tike form, foil-like form, mesh form, porous form-like sponge, 
45 fibrous form, punching metal form, or expanded metal form. 

SEPARATOR 

The separator (413) is interposed between the anode and the cathode, and it serves to prevent the anode and the 
so cathode from suffering from internal-shorts. In addition, the separator also serves to retain an electrolyte solution. 

The separator is required to have a porous structure capable of allowing lithium ions, hydronium ions, hydroxyl ions, 
or the like involved in the charge and discharge reaction in the rechargeable battery to pass therethrough, and it is also 
required to be insoluble into and stable to the electrolyte solution. 

The separator is usually constituted by a nonwoven fabric or a memberane having a micropore structure made of 
55 glass, polyoiefin such as polypropylene or polyetfrylene. fluororesin. or polyamide. Alternatively, the separator may be 
constituted by a metal oxide film or a resin film combined with a metal oxide respectively having a number of micropo- 
res. 

Particularly when the separator is constituted by a nrultilayered metal oxide film, the separator effectively prevents 
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a dendrite from passing therethrough and because of this, the occurrence of internal -shorts between the anode and the 
cathode is desirably prevented. Further, in the case where the separator is constituted by an incombustible member 
such as a f luororesin film, glass or metal oxide film, an inr^rovement can be attained in terms (tf the safety even in the 
case where such internal^orts as described in the above should be unexpectedly occurred. 

5 

ELECTROLYTE 

As the electrolyte (which is included in the collector 413 in FIG. 11). there can be used an appropriate electrolyte 
as it is. a solution of said electrolyte cfissolved in a solvent, or a material of said solution having solidified using a gelling 
10 agent. However, an electrolyte solution obtained by dissolving an appropriate electrolyte in an solvent is usually used 
in such a way that said electrolyte solution is retained on the separator. 

The higher the ion conductivity of the electrolyte, the better. Particulariy. it ^desired to use such an electrolyte that 
the ion conductivity at 25 **C is preferably 1x10'^ S/cm or more or more preferably, 5x10"^ S/cm or more. 

As the electrolyte in the case of a rechargeable lithium t>attery, there is usually used a given electrolyte dissolved 
IS in a given solvent The electrolyte herein can include inorganic acids such as H2SO4. HCI and HNO3; salts of (lithium 
ion) with Lewis acid ion such as BF4 . PF©'. CIO4', CF3SO3'. or BPh4" (with Ph being a phenyl group); and mixtures of 
two or more of said salts. Besides these, salts of the above described Lewis acids ions with cations such as sodium ion. 
potassium ion, tetraalkylammonium ion, or the like are also usable. 

In any case, it is desired that the above salts are used after they are subjected to dehydration or deoxygenation. for 
20 example, by way of heat treatment under reduced pressure. 

The solvent in which the electrolyte is dissolved can include acetonitrile, benzonitrile. propylene cartx>nate, ethyl- 
ene carbonate, dimethyl carbonate, diethyl carbonate. dimetfiyHbrmamide. tetrahydrofuran, nitrobenzene. dicMo- 
roethane, diethoxyethane. 1.2<limethQxyethane, chlorobenzene. rbutyrolactone. dioxolan. sulfblan. nitrometane. 
dimethyl sulfide, dimethyl sulfoxide, methyl formate. 3-methyl-2-oxda20lydinone. 2-methyltetrahydrofuran. 3-propylsy- 
25 donone. sulfur dioxide, phosphonyl chloride, thionyl chloride, sulfuly chloride, and mixtures of two or more of these. As 
for these solvents, it is desired for them to be subjected to dehydration using activated alumina, molecular sieve, phos- 
phorous pentaoxide. or calcium chloride, prior to their use. Alternatively, it is possible for them to be subjected to cfistil- 
lation in an atmosphere composed of inert gas in the presence of an alkali metal, wherein moisture and foreign rmtters 
are removed. 

30 In order to prevent leakage of the electrolyte solutioa it is desired for the electrolyte solution to be gelated using an 
appropriate gelling agent The gelling agent usable in this case can include polymers having a property such that it 
absorbs the solvent of the electrolyte solution to swell. Specific examples of such polymer are polyethylene oxide, pol- 
yvinyl alcohol, and polyacryiamide. Besides, starch is also usable. 

As the electrolyte in the case of a nickel-zinc battery in which the anode active material is zinc or a rechargeable 
35 zinc-oxygen battery in which the anode active material is zinc, there is used an electrolyte compriang an alkali such as 
potassium hydroxide, sodium hydroxide, or lithium hydroxide dissolved in water as a solvent. 

As the electrolyte in the case of a rechargeable bronrnne-zinc battery in which the anode active material is zirx;. 
there is used an electrolyte comprising a salt such as zinc bromide dissolved in water as a solvent. 

For the electrolyte solution used in these rechargeable zinc series batteries, in order to prevent leakage thereof, it 
40 is desired to be gelated using any of the gelling agems illustrate in the case of the rechargeak)le lithium battery. 

SHAPE AND STRUCTURE OF RECHARGEABLE BATTERY 

There is no particular limitation for the shape of the rechargeable battery according to the present invention. 
45 For the shape of the rechargeatsle battery, it may be in the form of a flat round shape (or a coin-like shape), a cylin- 
drical shape, a prismatic shape, or a sheet-ttke shape. 

For the battery structure, it includes a single-layered type, a multi-layered type and a spiral-wound type. 
In the case of a spiral-wound cylindrical rechargeable battery comprising an assembled body (comprising a sepa- 
rator interposed between an anode and a cathode) wound in multiple about a given axis, it has advantages such that 
50 the battery area can be increased as desired and a high electric current can be ftown upon operating charging and dis- 
charging. 

In the case of a rechargeable battery in either a prismatic shape or sheet-like shape, it has an advantage such that 
the space of an instrument for housing the battery can be effectively utilized. 

In the following, description in more detail will be made of the shape and structure of such a battery as above 
55 described with reference to FIGs. 12, 13 and 14. 

FIG. 1 2 is a schematic cross-sectional view illustrating an example of a single-layer structure type llat battery. FIG. 
13 is a schematic cross-sectional view illustrating an example of a spiral-wound cylindrical battery. 

FIG. 14 is a schematic perspective view illustrating an example of a prismatic battery. These batteries t>asically 
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have a con^titLrtion similar to that of the battery shown in FIG. 11. and they conrprise a anode, a cathode, a separator 
Including an electrolyte (or an electrolyte solution), a battery housing and a pair o1 terminals. 

In FIG. 12, r^renoe numeral 501 indcates an anode (comprising an anode material layer), reference numeral 503 
a cathode (conprising a cathode material layer) . reference numeral 505 an anode cap (or an anode terminal), refer- 

5 ence numeiai 506 a cathode can (or a cathode terminal), reference numeral 507 a separator with an electrolyte (or an 
electrolyte solution) retained therein, and reference numeral 510 a gasket (or an insulating packing). 

In FIG. 13 , reference numeral 601 indicates an anode collector, reference numersd 602 an anode material layer, 
reference 603 an anode, reference numerals 604 a cathode collector, reference numeral 605 a cathode n^terial layer, 
reference numeral a cathode collector, reference numeral 606 a cathode, reference numeral 607 a separator with an 

10 electrolyte (or an electrolyte solution) retained therein, reference numeral 608 an anode can (or an anode terminal), ref- 
erence numeral 609 a cathode cap (or a cathode terminal), reference numeral 61 0 a gasket (or an insulating packing), 
reference numeral 611 an insulating plate, reference numeral 612 an anode lead, reference numeral 613 a cathode 
lead, and reference 614 a safety vent 

Particularly, in the single-layer structure type flat battery (the so-called coin-like shaped battery) shown in FIG. 12. 

IS an assembly comprising the cathode 503 (comprising the cathode material layer) and the anode 501 (comprising the 
anode material layer) stacked in this order from the cathode side through at least the separator 507 having an electro- 
lyte solution retained therein is housed in the cathode can 506. The anode side of the asseoibty in the cathode can 506 
is sealed by the anode cap 505 as the anode terminal and the residual inside space of the cathode can 506 is packed 
by the gasket 510 (comprising an insulating material). 

20 In the spiral-wound cylindrical battery shown in FIG. 13. an assembly wound in multiple about a given axis is 
housed in the anode can 608 as the anode terminal such that the side face and a given tx)ttom face side of the assem- 
bly are covered by the anode can 608, said assemtsly comprising the separator 607 having at least an electrolyte solu- 
tion retained therein interposed between the cathode 606 having the cathode material layer 605 formed on the cathode 
collector 604 and the anode 603 having the anode material layer 602 formed on the anode collector 601 . In the uncov- 

25 ered side of the anode can 608. the cathode cap 609 as the cathode terminal is installed. The residual inside space of 
the anode can 608 is packed by the gasket 610 (comprising an insulating material). The stacked electrode assembly 
having the cylindrical structure is electrically isolated from the cathode cap side through the insulating plate 61 1 . The 
cathode 606 is electrically connected to the cathode cap 609 by means of the cathode lead 613. Similariy. the anode 
603 is electrically connected to the anode can 608 by means of the anode lead 612. On the cathode cap side, there is 

30 provided the safety vent 614 for adjusting the internal pressure of the battery. 

The prismatic battery shown in FIG. 14 comprises a plurality of unit cells integrated in parallel connection through 
a collector 700 in a battery housing 709 having a capping, wherein each unit cell comprises a separator 707 having an 
electrolyte solution retained therein interposed between an anode 701 comprising an anode material layer and a cath- 
ode 703 comprising a cathode material layer. The anode 701 is electrically connected to an anode terminal 705. and 

35 the cathode 703 is electrically connected to a cathode terminal 706. The prismatic battery is provided with a plurality of 
safety vents 714 at the capping of the battery housing 709. 

A battery having the configuration shown in FIG. 12 or FIG. 13 may be fabricated, for example, in the following man- 
ner. 

An assembly comprising the separator (507. 607) interposed between the anode material layer (501 , 601) and the 
40 cathode material layer (503. 603) is positioned in the cathode can (506) or the anode can (608). Thereafter, the elec- 
trolyte is introduced thereinto. The resultant is assembled with the anode cap (505) or the cathode cap (609) and the 
gasket (510. 610). followed by sut>jecting to caulking treatment. Thus, there is obtained a battery having the configura- 
tion shown in FIG. 12 or FIG. 13. 

In the case of the rechargeable lithium batter, the preparation of the components thereof and the fabrication thereof 
45 are desired to be conducted in a dry air atmosphere free of moisture or a dry inert gas atmosphere free of moisture in 
order to prevent the occurrence of chemical reaction of lithium with water and also in order to prevent the rechargeable 
lithium battery from toeing deteriorated due to chemical reaction of lithium with moisture in the inside of the battery. 
A prismatic battery having the configuration shown in FIG. 14 may be fabricated, for example, In the following nnan- 

ner. 

so A plurality of unit cells each comprising the separator 707 sandwiched between the anode 701 and the cathode 703 
are integrated in parallel connection through the collector 700 into an assembled body. The assembled body is posi- 
tioned in the battery housing 709. Thereafter, an electrolyte solution is injected into in the battery housing 709. Then, 
the collector 700 is electrically connected to the anode terminal 705 and also to the cathode terminal 706. Finally, the 
capping is put to the battery hosing 709 to seal tiie inside of the battery housing. By this, there is obtained a prismatic 

ss battery having the configuration shown in FIG. 1 4. 

In the following, description will be made of the constituent components (other tfian those already explained) of the 
above-described batteries according to the present invention. 
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GASKET 

As the constituent of the gask^ (510. 610). there can be used, for example, pdyolefin resins, fluororesins, pdya- 
mide resins, polysulfone resins, and various rubbers. 
5 The battery sealing is typically conducted by way of caulking with the use of the gasket In the case of the contigu* 

ration as shown in FIG. 12 or 13. Besk^es this, it nnay be conducted by means of glass sealing, adhesive sealing, weld- 
ing or soldering. 

Separately, as the constituent of tine insulating plate (61 1) shown in FIG. 13, there can be used organic resins and 
cerarrucs. 

70 

BATTERY HOUSING. ANODE CAN CATHODE CAN ANODE CAP AND CATHODE CAP: 

In each of the batteries shown In FIGs. 1 2 and 1 3, a combination of the electrode terminals, cathode can and anode 
cap or a combination the anode can. cathode cap and tiie like functions a battery housing. 
IS Particularly, in tiie case of FIG. 12, the cathode can 506 and the anode cap 505 function respectively also as tiie 
battery housing. In the case of FIG. 13, the anode can 608 and the cathode cap 609 function respectively also as the 
battery housing. Therefore, these constituent components which also function as the inputting or outputting terminals 
are desired to be constituted by a stainless steel such as titanium clad stainless steel, copper clad stainless steel, 
nickel -plated steel, or the like. 

20 In the case of FIG. 1 4, the battery housing cannot function as the electrode terminals. Therefore, the constituent of 
the battery housing (709) can include, in addition to those stainless steels above mentioned, metals such as zinc, plas- 
tics such as polypropylene, and composites of a metal or glass fiber with plastic. 

9AFETY VENT : 

25 

Any of the rechargeable batteries according to the present invention is desired to be provided with an appropriate 
safety vent as in the case of FIG. 13 (see, reference numeral 614) and in the case of FIG. 14 (see. reference numeral 
714) in order to ensure the safety when tiie intemal pressure of the battery is incidentally increased, by communicating 
the inside of the battery with the outside to thereby reduce the Increased internal pressure of the battery. 
30 The safety vent may be constituted by a material comprising a rubber, a spring, a metal boll or a rupture toil. 

Separately, as previously described, for any of the constituerrt materials and members of the foregoing electrode 
structural bodies for rechargeable lithium batteries, it is desired for them to be sufficientiy dehydrated prior to their use. 
And the production of any of the foregoing electrode structural bodies and batteries using these materials and members 
is desired to be conducted in an atmosphere having been sufficientiy dehydrated. In addition, for the solvents used for 
35 various materials, it is important for them to sufficiently dehydrated prior to their use. The dehydration of such solvent 
can be conducted using activated alumina, molecular sieve, phosphorous pentaoxide. or calcium chloride. Depending 
upon the kirxl of the solvent. It is possible to conduct the dehydration by way of distillation in an atmosphere composed 
of inert gas in the presence of an alkali metal, wherein moisture and foreign matters can be removed. 

In the case of producing any of the foregoing rechargeable zinc series batteries, it is not always necessary for their 
40 constituent materials and members to be dehydrated. 

In the following, the present invention will be described in more detail with reference to examples. H should be 
understood that these examples are only for illustrative purpose and the present invention is not restricted by these 
examples. 

45 Example 1 

In this example, there was prepared an electrode structural body having such cross-sectional structure as shown 
In FIG. 1 as will be described below. 

A copper foil of 18 ^ in thickness as a collector 100 was subjected to degreasing and cleaning treatment using 
so acetone and isopropyl alcohol, followed by drying. 

The collector thus cleaned as a catiiode arxl a plate made of Sn as an anode were arranged in an electrolyte solu- 
tion of the b^ow-described composition contained in an electrolysis vessel such that they were opposed to each other 
while having a distance of 6 cm between the two electrodes. The temperature of the electrolyte solution was adjusted 
to and maintained at 25 °C, and electric field of DC was applied between the two electrodes while stining the electrolyte 
55 solution and the current density of the cathode was rr^de to be 10 mA/cm^. where deposition was conducted under 
condition of consteint net plating charge of 20 C/cm^ (with C being coulomb). The voltage between the two electo^ode 
was 1 V. By this, there was formed a layer 102 conrprising a grained metallic tin material (tNs layer will be hereinafter 
refen^ed to as "metallic tin layer*^ on the collector. 
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[oompositiop of electrolyte solution] 

stannous sulfate: 40 g/L 
sulfuric acid: 60 g/L 
5 gelatin: 2 g/L 

solvent: water 

("L" in the description of composition for electrolyte solution herein and hereinafter means liter") 

The collector having the metallic tin layer formed thereon was washed with water, successively subjected to surface 

10 treatment using an aqueous solution containing 60 g/L of Na3P04 • 1 2H2O dissolved therein and maintained at 60 **C 
for 60 seconcte, followed by washing with water, then followed by drying. By this, there was obtained an electrode struc- 
tural body 10 having an electrode material layer 102 comprising the metallic tin layer. 

For the resultant electrode structural body, the thickness of the electrode material layer was examined using a 
nicrometer. As a result, the electrode material layer was found to have a thickness of 30 fim. 

15 Separately, the surface of the electrode structural body, namely the surface of the metallic tin layer as the electrode 
material layer 102 was observed by means of a scanning electron microscope (SEM) to obtain four SEM micrographs, 
i.e.. a SEM miaograph of magnification with 200 times shown in FIG. 17. a SEM micrograph of magnification with 1000 
times shown in FIG. 18, a SEM micrograph of magnification with 3.000 times shown in FIG. 19. a SEM micrograph of 
magnification with 20,000 times shown in FIG. 20. 

20 Based on these SEM micrographs, it was found that the electrode material layer 102 on tiie collector 100 comprises 
particles of tin (Sn) of 25 ^m in average p>article size. 

EXAMPLE 2 

25 The procedures of Example 1 were repeated, except that the anx)unt of the gelatin contained in the electrolyte 
solution was changed to 20 g/L from 2 g/L, to thereby obtain an electrode structural body having such cross-sectional 
structure as shown in FIG. 1, which comprises a metallic tin layer 102 (comprising a grained metallic tin material) 
formed on a collector 100. 

For the metallic tin layer, its thickness was examined using a micrometer. As a result, the thickness was found to be 
30 20 ^m. 

Exanple 3 

The procedures of Example 1 were repeated, except that the electrolyte solution was replaced by a commercially 
35 available tinning electrolyte solution of non-bright type (trade name: LEAD Sb. produced by C. Uymura Co.. Ltd.), to 
thereby obtain an electrode structural body having such cross-sectional structure as shown in FIG. 1 , which oomprtses 
a metallic tin layer 102 (comprising a grained metallic tin layer) formed on a collector 100. 

For the metallic tin layer, its thickness was examined using a micrometer. As a result, the thickness was found to be 
18}xm. 

40 

Example 4 

The procedures of Example 1 were repeated, except that the electrolyte solution was replaced by an electrolyte 
solution of the below-described composition and the current density of the cathode was changed to 5 mA/cm^, to 
45 thereby obtain an electrode structural body having such cross-sectional structure as shown in FIG. 1 , which comprises 
a metallic tin layer 102 (a grained metallic tin material) formed on a collector 100. 

[composition of electrolyte solution] 

so stannous sulfate: 10 g/L 

potassium pyrophosphate: 40 g/L 
polyethylene glycol 4000 : 1 g/L 
formalin: 0.3 ml/L 
solvent: waX& 

55 

For the metallic tin layer of the electrode structural body obtained, its thickness was examined using a micrometer. 
As a result, the thickness was found to be 1 5 ^m. 
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Eyarripls^ 

The procedures of Example 1 were repeated, except that the electrolyte solution was replaced by an electrolyte 
solution (containing 4-vinylpyridine as a mononrier capable of being engaged in electrolytic reduction polymerization) of 
5 the belowHjescribed composition, to thereby obtain an electrode structural k>ody having such cross-sectional structure 
as shown in FIG. 1 . which comprises a metallic tin layer 1 02 (comprising a grained metallic tin-polymer composite mate- 
rial) formed on a coUector 1 00. 

[composition of electrolyte solution] 

10 

stannous sulfate: 40 g/L 
sulfuric add: 60 g/L 
4-vinytpyridine : 10 ml/L 
solvent: water 

15 

For the metallic tin layer of the electrode structural txxiy obtained, its thickness was examined using a micrometer. 
As a result the thickness was found to be 50 |im. 

Example 6 

20 

The procedures of Example 1 were repeated, except that the electrolyte solution was replaced by an electrolyte 
solution (containing aniline and furan as monomers capable of being engaged in electrolytic oxidation polymerization) 
of the below-described composition and the DC electric field was replaced by electric field of AC pulse, to theretsy obtain 
an electrode structural body having such cross-sectional structure as shown in FIG. 1. which comprises a metallic tin 
25 layer 102 (comprising a grained metallic tin-polymer composite materiaQ formed on a collector 100. Herein, under con- 
ditions of 10 mA/cm^ for the current density of the collector side and (a) time {reduction)/(b) time (oxidation) = 1/3 [said 
(a) and (b) herein are of the oxidation-reduction reaction on the collector] for the AC pulse width, the application of tiie 
pulse electric field was conducted until the quantity of electricity at the cathode on the collector side became 20 CIcrr?. 

30 [composition of electrolyte solution] 

stannous sulfate: 40 g/L 
sulfuric add: 60 g/L 
aniline : 5 ml/L 
35 furan: 5 ml/L 

solvent: a mixture of water and etiiand (mixing volume ratio: 1 : 1) 

For the metallic tin layer of the electrode structural body obtained, its tiiickness was examined using a micrometer. 
As a result the thickness was found to be 30 |xm. 

40 

Example 7 

The procedures of Example 1 were repeated, except that the electrolyte solution was replaced by an electrolyte 
solution of tiie below-described composition, to thereby obtain an electrode structural body having such cross-sectional 
45 structure as shown In FIG. 1. which comprises a metallic tin layer 102 (comprising a grained metallic tin-cartxsn com- 
posite material) formed on a collector 100. 

[composition of electrolyte solution] 

so stannous sulfate: 40 g/L 
sulfuric add: 60 g/L 
gelatin : 2 g/L 

carbon powder (graphited mesophase microbeads): 20 g/L 
suriace active agent (perfluorohexane): 0.5 ml/L 
55 solvent: water 

For the metallic tin layer of the electrode structural body otstained, its thickness was examined using a micrometer. 
As a result the thickness was found to be 40 ^m. 
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Example 8 , 

« 

The procedures of Example 1 were repeated, except that the content of the sulfuric acid In the electrolyte solution 
was changed to 20 g/U to tha^eby obtain an electrode structural body having such cross-sectional structure as shown 
5 in FIG. 1 , which comprises a metallic tin layer 1 02 (comprising a grained metallic tin materiaO formed on a collector 100. 
For the metallic tin layer of the electrode stnjctural body obtained, its thickness was examined using a micrometer. 
As a result, the thickness was found to be 33 iim. 

Example 9 

10 

The procedures of Example 1 were r seated, except that the electrolyte solution was replaced by an electrolyte 
solution of the below-descn'bed composition, to thereby obtain an electrode structural body having such cross-sectional 
structure as shown in FIG. 1, which comprises a layer 102 (comprising a grained Sn-ln eilloy material; this layer will be 
hereinafter referred to as 'Sn-ln alloy layer") formed on a collector 100. 

IS 

[composition of electrolyte solution] 

stannous sulfate: 40 g/L 
indium (III) sulfate (n hydrate): 20 g/L 
20 sulfuric add: 60 g/L 
gelatin : 2 g/L 
solvent: water 

For the Sn-ln alloy layer of the electrode structural body obtained, its thickness was examined using a micrometer. 
25 As a result, the thickness was found to be 28 ^m. 

Separately, for the grained Sn-ln alloy material of the Sn-ln alloy layer, examination with respect to its element com- 
position ratio was conducted using an X-ray microanalyser (XMA). As a result, it was found that the element composi- 
tion ratio of Sn and In is Sn : In = 9 : 1 . 

30 scample 1Q 

In this example, there was prepared an electrode structural body having such cross-sectional structure as shown 
in FIG. 1 as will be described below. 

There was prepared a paste by mixing tin powder (of less than 600 in mesh size and 99.7% in purity) with 3% by 
35 weight of acetylene black and 2% by weight of cartx)xymethy!cellulose (as a birxjer) to obtain a mixture and kneading 
the mixture with water. The paste was applied on a copper foil of 18 \im in thickness as a collector 100 using a coater, 
followed by drying, whereby a 50 |im thick layer (comprising the tin powder) as an electrode material layer 102 was 
formed on the copper foil as the collector 1 00. The resultant was subjected to drying at 1 50 *'C under reduced pressure. 
By this, there was obtained an electrode structural body. 

40 

Scanplell 

In this example, there was prepared an electrode structural body having such cross-sectional structure as shown 
in FIG. 1 as will be described t>elow. 

45 There was prepared a paste by mixing 75% by weight of tin powder (of less than 600 in mesh size and 99.7% in 
purity) with 20% by weight of graphite, 3% by weight of acetylene black and 2% by weight of carbcocymethytcellulose (as 
a binder) to obtain a mixture and kneading the mixture with water. The paste was applied on a copper foil of 18 ^im in 
thickness as a collector 100 using a coater. followed by drying, whereby a 50 fun thick layer (comprising the tin powder) 
as an electrode material layer 102 was formed on the copper foil as the collector 100. The resultant was subjected to 

so drying at 150 **C under reduced pressure. By this, there was otTtained an electrode structural body. 

Example 12 

In this example, there was prepared an electrode structural body having such cross-sectional structure as shown 
ss in FIG. 1 as will be described t>elow. 

There was provided silicon powder (of 5 iim in average partide size, and 98% in purity) having treated with 
hydrofluoric acid to remove oxide materials present on their surfaces. 

Then, 30% by weight of said silicon powder, 50% by weight of tin powder (of less than 600 in mesh size, and 99.7% 
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in puri^). 15% by weight of indium powder (of less than 325 in mesh size, and 99.9% in purity), 3% by weight of acet- 
ylene black, and 2% by weight of carboxymethytcellulose (as a binder) were mixed to obtain a mixture, and the mixture 
was kneaded with water to obtain a paste. The paste was appGed on a copper foD of 18 In thickness as a collector 
100 using a ooater. fallowed by drying, whereby a 50 pni thick layer (conprising the silicon, tin and indium powders) as 
5 an electrode material layer 1 02 was formed on the copper foil as the collector 1 00. The resultant was subjected to dry- 
ing at 150 **C under reduced pressure By this, there was obtained an electrode structural body. 

Reference Example 1 

10 A 100 pm thick tin metal foil (produced by Kohjundo Kagaku Kabushild Kaisha) was made to be an electrode struc- 
tural body. 

Reference Example 2 

IS The procedures of Example 1 were repeated, except that the gelatin used in the electrolyte solution was omitted to 
thereby obtain an electrode structural body having such cross-sectional structure as shown in FIG. 1 , which comprises 
a metallic tin layer 102 (comprising a grained metallic tin material) formed on a collector 100. 

For the metallic tin layer of the electrode structural body obtained, its thickness was examined using a micrometer. 
As a result the thickness was found to be 80 ^m. 

20 

Reference Example 3 

The procedures of Example 1 were repeated, except that the electrolyte solution was replaced by an electrolyte 
solution of the below-described composition, to thereby obtain an electrode structural body having such cross-sectional 
25 Structure as shown in FIG. 1 . which comprises a layer 1 02 (comprising a grained tin material) formed on a collector 100. 

[composition of electrolyte solution] 

stannous sulfete: 40 g/L 
30 sulfuric add: 60 g/L 

brightener Tinglo Culnno (high concentration type, produced by LeaRonal Inc. of USA): 40 ml/L 
solvent: water 

For the metallic tin layer of the electrode structural body obtained, its thickness was examined using a micrometer. 
35 As a result the thickness was found to be 1 5 ^xm. 

ANALYSIS OF ELECTRODE STRUCTURAL BODY 

For each of the electrode structural bodies obtained in Examples 1 to 12 and in Reference Examples 1 to 3. anal- 
40 ysis was conducted as follows. 

PE NSITY: 

For the electrode material layer of each electrode structural txxiy. its weight was measured. And the density of the 
45 electrode material layer was examined based on the thickness thereof (obtained using the micrometer) and the meas- 
ured weight. 

The results obtained are collectively shown in Table 1 . 
VOID RATE : 

so 

For the electrode material layer of each electrode structural body, the void rate thereof was examined in accordance 
with the previously described void rate measuring manner using the equations (1) and (2). 
The results obtained are collectively shown in Table 1 . 

55 AVERAGE PARTICLE SIZE : 

For the electrode material layer of each electrode structural body, the average particle size for the constituent par- 
ticles of Sn or Sn-alloy of the electrode material layer was examined based on the observed result using SEM. 
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The remits obtained are ooltectively shown in Table 1 . 

SURFACE ROUGHNESS: 

5 For the electrode material layer of each electrode structural body, its surface state was examined in accordance 

with the previously described stylus method to obtain a surface roughness in peak-to-valley elevation. 
The results obtained are collectively shown in Table 1 . 

X-RAY DIFFRACTION : 

10 

For the electrode material layer of each of the electrode structural bodies obtained in Examples 1 to 4 and 8 and in 
Reference Examples 1 to 3, X-ray diffraction (XRD) was conducted using alpha (a) rays of CuK as the radiation source 
to obtain an XRD diffraction peak pattern. 

The diffraction peak patterns thus obtained are collectively shown in FIG. 16. 
15 As FIG. 16 illustrates, the following ^cts are understood. 

(0. In the case of each of Examples 1 to 3, the Miller index has orientation for the (200) plane (2 e » 30.6** ± 1 .0** ). 
(ii). In the case of Example 4. the Miller index has orientation for the (101) plane (2 e » 32.0<* ±1.0'*) and also for 
the (112) plane (2 6 = 62.5" ± 1 .0^ ). 
20 (iii). In the case of Example 8. the Miller index has orientation for each of said (200) plane, said (101) plane, and 
the (21 1) plane (2 0 = 44.9'» ± 1 .0° ). 

(iv). However, in the case off each of Reference Examples 1 and 2. there is not present such distinct orientation as 
in the at30ve examples of the present invention. 

25 Based on each of the diffraction peak patterns shown in FIG. 16, there was obtained a peak intensity ratio of the 
peak intensity of the strongest peak (the first peak) to that of the second peak. The results obtained are collectively 
shown in Table 1 . 

Separately, for the electrode material layer of each of the electrode structural bodies obtained in Examples 1 to 4 
and 8 arxJ in Reference Examples 1 and 2, the crystallite size was examined in acoordance with the previously 
30 described manner using Sherrer's equation. 

The results obtained are collectively shown in Table 1 . 

Based on the results shown in Table 1 . there are understood the following fects. 

(i) . For the electrode material layers 102 of the electrode structural bodies obtained in Examples 1 to 12, they have 
35 a void rate failing in the defined range of 0. 1 0 to 0.86 with respect to the void rate of the electrode material layer in 

the present invention, a density falling in the defined range of 1 .00 to 6.56 g/arP with respect to the density of the 
electrode material layer in the present invention, an average particle size falling in the defined range of 0.5 to 60 
lim with respect to the constituent of the electrode material layer in the present invention, ard a surfece roughness 
falling in the defined range 1 to 60 |im with respect to the surface state of the electrode material layer in the present 
40 invention. 

(ii) . Espedally for the electrode material layers 102 of the electrode structural bodies obtained in Examples 1 to 4 
and 8, they are of 10 to 50 nm in crystallite size. 

(iii) . For the electrode nnaterial layers 102 of the electrode structural bodies obtained In Examples 1 to 4, they have 
a peak intensity ratio (that is. a ratio of the intensity of the strongest peak to that of the second peak with respect to 

45 the orientation in the XRD diffraction peak pattern) of more than 2. 

ELEMENTAL ANALYSIS (Sn. C. O. N) : 

For each of the electrode material layers 102 of the electrode structural bodies obtained In Examples 1 to 2 and 5 
so to 7 and Reference Example 2, the composition ratio of each of the elements to the Sn in the electrode material layer 
was examined in accordance with the previously described elemental analysis manner by XPS (X-ray photoelectron 
spectroscopy). 

The examined results obtained are collectively shown in Table 2. 

Based on the results shown In Table 2, the following facts are understood. 

55 

(i). When the electroplating electrolyte solution contains gelatin (see, Examples 1 and 2 in Tattle 2) or one or more 
organic compounds (see. Examples 5 and 6 in Table 2) besides Sn. the composition ratio of each of C and N to the 
Sn is increased. For the reason for this situation, it is considered such that these elements (C and N) are contained 
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in thp structure of the organic compound used and because of this, they are incorporated into a i^er as the elec- 
trode material layer during the formation thereof by way of electroplating. 

(li). The incorporation of 4-vinytpyricfine (Example 5), a combination of aniline and furan (Example 6). or a combi- 
nation of gelatin and caitxxi (Example 7) into the electroplating electrolyte solution increases the composition ratio 
5 of the C. 

Separately, for the electrode material layer 102 of each of the electrode structural bodies obtained in Examples 1 
and 2, the surface thereof was subjected to etching treatment using argon ion for 30 minutes. The electrode material 
layer whose surface region having l^een removed was subjected to the elemental analysis by way of XPS. The results 
10 obtained are collectively shown in Talde 3. 

Based on the results shown in Tables 2 and 3, the following facts are understood. As a resuft of having etched the 
surface region of the electrode material layer 102 of each of the electrode structural bodies obtained in Examples 1 and 
2 as above described, the composition ratio of each of the C, O and N to the Sn in the electrode material layer was 
decreased. This reveals that the C, O and N each in a relatively large amount are contained in the surface side region 
75 of the electrode material layer of each of the electrode structural bodies obtained in Example 1 and 2. 

EXAMPLES OF RECHARGEABLE BATTERY 

In the following, examples relating to rechargeable batteries according to the present invention will be described. 

20 

Example 13 

There was prepared a rechargeable litiiium battery of the corrfiguration shown in FIG. 13 and which is in a cylindri- 
cal form of AA-size (13.9 mm (diameter) x 50 mm) in tiie following manner. 

25 

(1) Preparation of anode 603: 

In accordance with the procedures of Example 1 for the preparation of the electrode structural body, there was pre- 
pared an electrode structural body comprising a 30 ^m thick grained metallic tin material layer (as an arKxje material 
30 layer 602) formed on opposite surfaces of a 1 8 ^ thick copper foil as a collector 60 1 . 

The electrode structural body thus prepared was cut to obtain an electrode structural body having a prescribed 
size. A lead wire made of nickel as an anode lead 612 was connected to the collector of the electrode structural body 
by way of spot welding. By this, there was obtained an anode 603. 

35 (2) Preparation of cathode 606: 

Electrolytic manganese dioxide was mixed with lithium cart>onate with a mole ratio of 1 : 0.4, followed by subjecting 
to heat treatment at 800 ''C. to thereby obtain a lithium-manganese composite oxide. With the resultant lithium-manga- 
nese composite oxide in an amount of 85 wt.%. 5 wt.% of powder of acetylene black and 10 wt.% of powder of pdyvi- 

40 nylidene fluoride were mixed. The resultant was mixed with N-methyl-2-pynrolidone to obtain a paste-like materia). The 
paste-like material was applied onto opposite surfaces of a 20 ^m thick aluminum foil as a cathode collector 604 using 
a coater, followed by subjecting to drying, successively to roller press treatment, and the resultant was dried at 150 ""C 
under reduced pressure to obtain an electrode structural body comprising a 90 ^m tiiick cathode material layer 605 
formed on the opposite surfaces of the collector 604. 

45 The electrode structural body thus obtained was cut to obtain an electrode structural body having a prescribed size. 
A lead wire made of aluminum as a cathode lead 61 3 was connected to the collector of tiie electnxle structural body by 
way of spot welding. By this, there was obtained a cathode 606. 

(3) Preparation of electrolyte solution: 

50 

There was provkied a moisture-free mixed solvent composed of ethylene cart)onate (EC) and dimetiiyl carbonate 
(DMC) with an equivalent mixing ratio. 1 M (mol/L) of tetraf luoro lithium borate was dissolved in the mixed solvent. By 
this, there was obtained an electrolyte solution. 

55 (4) Separator 607: 

There was provided a 25 um tiiick polyethylene member having a number of perforations as a separator 607. 
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(5) Fabiicatipn of rechargeable lithium battery: 

The fabrication of a rechargeable Bthium battery was conducted in a dry argon atmosphere having been controlled 
with respect to mdsture in the range of dew point to 50 ''C. 

5 

(i) The separator 607 was interposed between the anode 603 and the cathode 606. followed by spirally winding so 
as to provide an assembled t30dy of the constitution comprising the separator/the cathode/the separator/the 
anode/the separator. The assembled body was inserted into an anode can 608 made of stainless steel. 

(ii) The anode lead 612 was spot-welded to a bottom portion of the anode can 608. Neddng was formed at the 
10 upper part of the anode can using a necking device. The cathode lead 613 was spot-welded to a cathode cap 609 

provided with a gasket 610 made of polypropylene. 

(iii) The electrolyte solution was injected into the anode can. The cathode cap was put on. followed by sealing by 
way of caulking the cathode cap eind the anode can using a caulking machine. 

IS By this, there was obtained a rechargeable lithium battery In this rechargeable lithium battery, the cathode has a 
greater capacity than that of the anode. 

gyample 14 

20 The procedures of Example 13 were repeated, except that each of the oppoate anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the procedures of Example 2. to thereby obtain a 
rechargeatsle lithium battery of AA-size and having the configuration shown in FIG. 13. 

Example 15 

25 

The procedures of Example 13 were repeated, except that each of the oppo^te anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the procedures of Example 3, to thereby obtain a 
rechargeable lithium battery of AA-size and having the configuration shovm in FIG. 13. 

30 Example le 

The procedures of Exanrtple 13 were repeated, except that each of the opposte anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the procedures of Example 4, to thereby obtain a 
rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13. 

35 

Eyanrpie 17 

The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the procedures of Example 5, to thereby obtain a 
40 rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13. 

Example 18 

The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
45 replaced by an electrode material layer formed in accordance with the procedures of Example 6, to thereby obtain a 
rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13. 

Eyanplg 19 

so The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the procedures of Example 7, to thereby obtain a 
rechargeable lithium t>attery of AA-size and having the configuration shown in FIG. 13. 

Example 20 

55 

The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the procedures of Example 8. to thereby obtain a 
rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13. 
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The procedures of Exairtple 13 were repealed, except that each of the opposite anode material layers 602 was 
re^aced t>y an electrode material layer fDrmed in accordance with the procedures of Example 9, to thereby obtain a 
5 rechargeable lithium tiattery of AA-size and having the configuration shown in FIG. 13. 

Example 22 

The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
10 replaced t>y an electrode material layer formed in accordance with the procedures of Example 10. to therekjy otstain a 
rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13. 

Example 23 

IS The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the procedures of Example 1 1 . to thereby obtain a 
rechargeable lithium t)attery of AA-size and having the configuration shown in FIG. 13. 

Example 24 

20 

The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the procedures of Example 12, to thereby ofc>tain a 
rechargeable lithium t)attery of AA-size and having the configuration shown in FIG. 13. 

2S Example 25 

The procedures of Example 13 were repeated, except that the anode 603 was replaced by an anode comprising 
an electrode structural body having such structure as shown in FIG. 10 prepared as will be described below, to thereby 
otnain a rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13. 

30 The atxsve electrode structural txxly as the anode was prepared in the following manner. In accordance with the 
procedures of Example 1 for the preparation of the electrode structural body, there was formed a 30 ^m thick grained 
metallic tin material layer (102*) formed on opposite surfaces of a 18 jim thick copper foil as a collector (100). Then, a 
paste-like material (obtained by mixing 90% by weight of spherical powder of graphite and 10% by weight of powder of 
polyvinyl id ene fluoride to obtain a mixture and mixing the mixture with N-methyl-2-pyrrolidone) was applied onto each 

35 of the opposite metallic tin material layer (1 02*) using a coater, followed by drying to form a 1 0 fim thick second layer on 
each of the opposite metallic tin material layer (102*). The resultant was dried at 150 "^C under reduced pressure. 
By this, there was obtained the above electrode structural body as the aruxje. 

Example 26 

40 

The procedures of Example 13 were repeated, except that the anode 603 was replaced by an anode comprising 
an electrode structural body having such structure as shown in FIG. 10 prepared as will be described below, to thereby 
obtain a rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13. 

The above electrode structural body as the arxxJe was prepared in the following manner. In accordance with the 
45 procedures of Example 1 for the preparation of the electrode structural body, there was formed a 30 ^m thick grained 
metallic tin material layer (102*) formed on opposite surfaces of a 18 ^m thick copper foil as a collector (100). 

Separately. 1 0% by weight of polyvinylidene fluoride was resolved in ^butyrotactone to obtain a solution. The solu- 
tion was gelled by subjecting the solution to heat treatmerrt at 90 ''C in an autoclave and subjecting the solution thus 
heat-treated to cooling treatment, whereby obtaining a gel. The gel was mixed with spherical powder of graphite in an 
so amount corresponding to 9 times the weight amount of the polyvinylidene fluoride contained in the gel to obtain a paste- 
like material. 

The paste-like material thus obtained was applied onto each of the opposite metallic tin material layer (102*) using 
a coater. followed by drying to form a 1 0 |im thick second layer on each of the opposite metallic tin material layer (102*). 
The resultant was dried at 150 ""C under reduced pressure. 
55 By this, there was obtained the atx>ve electrode structural body as the anode. 
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R^^rQpce Example 4. 
« 

The procedures of Example 13 were repeated, except that the anode 603 was replaced a 100 thick tin metal 
foil as the dectrode structural body in Reference Example 1 . to thereby obtain a rechargeable lithium battery of AA-size 
5 and having the configuration shown in FIG. 13. 

Reference Example 5 

The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
10 replaced by an electrode material layer formed in accordance with the procedures of Reference Example 2. to theretay 
obtain a rechargeat)le lithium battery of AA-size and having the configuration shown in FIG. 13. 

Reference Example 6 

IS The procedures of Example 13 were repeated, except that each of the opposite anode material layers 602 was 
replaced by an electrode material layer formed in accordance with the piDcedures of Reference Example 3, to thereby 
obtain a rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13. 

Reference Example 7 

20 

The procedures of Example 13 were repeated, except that the anode 603 was replaced by an anode comprising 
an electrode structural body prepared as will be described below, to thereby otitain a rechargeat)le lithium battery of AA- 
size and having the configuration shown in FIG. 13. 

The above electrode structural body as the anode was prepared in the following manner. 90% by weight off cartjon 
25 powder (graphited mesophase microbeads) of 6 jim in average particle size was mixed with 10% by weight of polyvi- 
nylidene fluoride (as a binder), followed by kneading with N-methyl-2-pyrrolidone to obtain a paste-like material. The 
paste-like material was applied onto opposite surfaces of a 18 ^im thick copper foil as a collector using a coater, followed 
by drying to form a 80 ^m thick carbon layer on each of the opposite surfaces of the collector. The resultant was dried 
at 150 ^'C under reduced pressure. By this, there was obtained the above electrode structural body as the anode. 

30 

EVALUATION 

In each of Examples 1 3 to 26 and Reference Examples 4 to 7, there were prepared two rechargeable batteries. 
One of the two rechargeable t>atteries in each case was used for the evaluation of battery performances [battery capac- 

35 ity and Ijattery cycle Irfe (charging and discharging cycle life)] through charging and discharging cycle test as will be 
described below. For the remaining rechargeatile battery, after the third repetition of the charging and discharging cycle 
in the charging and discharging cycle test, it was decomposed to take out the anode, and its surface was ok>served by 
means of a scanning electron microscope (SEM), wherein the presence or absence of not only "cracking** kxjt also 
"pores" therein was examined- The "cracking" herein means a turtle shell-like shaped crack of 1 ^m or more in groove 

40 width which is found in the observation by the SEM. 

Charoino and Disch arging Cvcle Test: 

The charging and discharging cycle test was conducted in the following manner. That is. each rechargeable battery 
45 is placed in a charging arKi discharging device I-IJ-106M (produced by Hokuto Denko Kabushiki Kaisha). wherein 
charging and discharging are alternately repeated under conditions of 0.5 C (electric current of 0.5 time the electric 
capacity per an hour biased on the electric capacity calculated from the cathode active material of the rechargeable bat- 
tery) for the charging and discharging, and 20 minutes for the rest. As for other conditions, in the case of each of the 
rechargeable batteries obtained in Exarrples 13 to 26 and Reference Examples 4 to 6. the cut-off voltage upon charg- 
50 ing is made to be 4.5 V and that upon discharging is made to be 2.8 V. Similarly, in the case of the rechargeable ksattery 
obtained in Reference Example 7, the cut-off voltage upon charging is made to be 4.5 V and that upon discharging is 
made to be 2.5 V 

The charging and disdiarging cycle test was initiated by operating charging. In the charging and discharging test, 
as for each rechargeable battery, there were ol3served its battery capacity (that is. an energy density, namely a dis- 
ss charge ^ergy density) per a unit volume of the rechargeable battery and its charging and discharging cyde life. The 
battery capacity was based on the service capacity after the third repetition of the charging and discharging cycla And 
the charging and discharging cycle life was based on the number of the charging and discharging cycle having be^ 
repeated until the battery capacity t^ecame less than 60% of the initial battery capacity. 
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The.evaJuated results obtained with respect to battery capacity and battery cycle life are collectively shown in Table 
f(. Each of the figures with respect to battery capacity and battery cycle life shown in Table 4 is a value relative to the 
con-esponding value of Reference Example 5 or 7, which is set at 1 .0 or 1 . 

5 Observation by SEM : 

Each of the rechargeable batteries obtained in Exannpies 13 to 26 and Reference Examples 4 to 7 was objected 
to the above cterging and cfischarging cycle test where after the third repetition of the charging and discharging cyde, 
the rechargeable battery was decomposed and the anode was taken out. The surface of the anode (that is, the surface 
10 of the layer connprising metallic tin) was observed by the SEM, where the presence or absence of 'cracking'' and also 
"pores" therein was examined. The examined results with respect to cracking and pores are collectively shown in Table 
4. 

For the surface state of the anode of the rechargeable battery of Example 13 (after the after the third repetition of 
the charging and discharging cycle in the charging arxJ discharging cycle test), there are showvn four SEM micrographs 

IS in FIGs. 21 to 24, i.e.. a SEM micrograph of magnification with 200 times in FIG. 21 . a SEM micrograph of magnification 
with 1 .000 times in FIG. 22, a SEM micrograph of magnification with 3,000 times in FIG. 23. and a SEM micrograph of 
magnification with 20.000 times in FIG. 24. 

In comparison of the anode's surface state shown in the SEM micrographs of FIGs. 21 to 24 with the surface state 
of the corresponcfing layer comprising the grained metallic tin material (unused state without having been subjected to 

20 the charging and discharging cycle test) shown in the SEM micrographs of FIGs. 1 7 to 20. it Is understood that no crack- 
ing is present in the surface of the anode (the electrode structural txxJy) even after having been subjected to the repe- 
tition of the charging and discharging cycle, and minute pores are fonmed therein. 

FIG. 25 shows a SEM micrograph of magniftoation with 200 times for the surface state of the electrode structural 
body obtained in Reference Example 3 (in unused state without having been subjected to the charging and discharging 

25 cycle test) which was used as the anode in Reference Example 6. FIG. 26 shows a SEM micrograph of magniftcation 
with 200 times for the surface state of the anode of the rechargeable battery (after the third repetition of the charging 
and discharging in the charging and discharging cyde test). According to these two SEM micrographs of FIGs. 25 and 
26, it is understood that in the case of subjecting to the repetition of the charging and discharging cycle, cracking is 
more apparently occurred in the anode's surface and the metallic tin material therein is partially peeled off (see. region 

30 B in FIG. 26). In comparison of the SEM micrograph of FIG. 1 7 and that of FIG. 21 which are of the same magnif kation. 
it is understood that the occurrence of cracking and the peeledoff state are signrf k:ant for the surface state of the elec- 
trode structural body obtained in Reference Example 3. 

Based on the results shown in Table 4. the following facts are understood. 

35 (i) For the anode of each of the rechargeable batteries obtained in Examples 13 to 26. after the third repetition of 
the charging and discharging cycle in the charging and discharging cycle test, no cracking is present and pores are 
formed in the surfece thereof. Arxj these rechargeable batteries have a charging and discharging cycle life which 
is significantly longer by 22 to 33 times over that of the rechargeable t)attery of Reference Example 4 in which the 
tin metal foil is used as the anode. However, the charging and discharging cyde life of the rechargeat)le battery 

40 whose anode's surface having been suffered from the occurrence of cracking as above described is only two times 
that of the rechargeable battery of Reference Example 4. In the case of Reference Example 5 in which no gelatin 
was used, although the occun^ence of cracking is not observed, the battery capadty is undesirably small, 
(ii) As apparent from the comparison of Example 13 with Example 25. by forming the second layer, the charging 
and discharging cycle life is prolonged from 28 to 35 as shown in Table 4. 

45 (iii) The rechargeable batteries of Examples 1 3 to 26 have a battery capacity which is distinctly higher k)y 1 .5 to 2.0 
times over that of the rechargeable battery of Reference Example 7 in which the cartx>n material is used as the 
anode. However, the battery capadty of the rechargeable battery of Reference Example 5 is smaller than that of 
the rechargeable battery of Reference Example 7. 

so The results graphically shown in FIG. 5 are of the interrelations between the average partide sizes (see, Table 1) 
of the grciined host matrix materials of Sn or Sn-alloy each used in the anode (the electrode structural txxly) and the 
battery performances (i.e.. battery lifetime (charging and discharging cycle life) under condition of repeating the charg- 
ing and discharging cycle and charge-and-discharge Coulomb effidency) based on some of the foregoing evaluated 
results for Examples 13 to 26 and Reference Examples 4 to 7. 

55 As previously described, based on the results shown in FIG.5, it is understood that when the average partide size 
of the grained host matrix material as the electrode material layer is less than 0.5 ^m, the charging and discharging 
cycle life is markedly diminished. For the reason for this, it is considered such that when the average partide size is 
excessively small, the bulk density of the Sn or Sn-alloy layer is increased so that tfie void rate in the electrode material 



33 



Page: 33 



EP0855 752A2 



layer is cfiminished and as a result, upon repeating the charging and discterging cyde. cracking is occurred in the elec- 
trode material layer to cause layer peeling at the interface between the electrode material layer and the collector. On 
the other hand, when the average partide size of the grained host matrix material as the electrode material layer is 
beyond 60 pm, it is understood that not only the charge-and<fischarge Coulonrd> efficiency but also the charging and 

5 discharging cyde life are diminished. For the reason for this, it is considered such that when the av^age partide size 
of the grained host matrix material as the electrode material layer is excessively large, the electrode material layer has 
such surface roughness that is large in terms of peak-to-valley elevation and because of this, electric field is converged 
at the protrusions, resulting in generation or growth of a dendrite of lithium upon charging. 

The results graphically shown in FIG. 6 are of the interrelations between the densities and void rates (see. Table 1) 

10 of the electrode material layers (comprising a given grained host matrix material of Sn or Sn-alloy) each used in the 
anode (the electrode structural body) and the battery performances Q.e., battery lifetime (charging and discharging 
cyde life) under condition of repeating the charging and discharging cyde and battery capacity) t>ased on some of the 
foregoing evaluated results for Examples 1 3 to 26 arxf Reference Examples 4 to 7. 

As previously described, based on the results shown in FIQ.6. the following facts are understood. 

IS When the bulk density of the electrode material layer is less than 0.10 where the density of the layer is beyond 6.56 
g/cm?. cracking is occurred at the surface of the electrode material layer, and the battery lifetime is shortened. 

When the void rate the electrode material layer is beyond 0.86 where the density of the layer is less than 1.00 
q/crr?, the t>attery lifetime and battery capacity are similar to those of the comparative rechargeat)le lithium battery in 
which cabonous material is used as the anode. 

20 When the void rate of the electrode material layer Is in the range of 0.31 to 0.73, the battery lifetime and tKittery 
capacity are most excellent. 

Based on these facts, it is understood that by making the electrode material layer to have a density preferably in the 
range of 1.00 to 6.56 g/cm^ and a void rate preferably in the range of 0.10 to 0.86 or nrK3re preferably in the range of 
0.31 to 0.73. there can be attained a desirable rechargeable lithium battery which has a good enough or excellent bat- 
25 tery capadty and a prolonged battery lifetime. 

Example 27 

There was prepared a rechargeable lithium battery of AA-size and having the configuration shown in FIG. 13 in the 
30 following manner. 

(1) Preparation of anode 603: 

(i) Silicon powder of 1 to 3 jim in average partide size, tin powder of 5 to 20 pm in average partide size, spherical 
35 graphite powder of 5 pm in average particle size, and f take-like copper powder of 1 0 pm in width and 1 ^ in thick- 
ness were mixed at a weight mixing ratio of 25 : 50 : 1 5 : 5 using an epicyde ball mill to obtain a mixture, the mixture 
and powder of polyvinylidene fluoride were mixed at a weight mixing of 95 : 5, followed by mixing with N-methyl-2- 
pyrrolidone. whereby obtaining a paste-like material. 

(ii) There was provided a copper foil of 18 fim in thickness (whose opposite surfaces having been well deaned 
40 using acetone and isopropyt alcohol) as an anode collector 601 . 

The paste-like material obtained in the above step (i) was applied on the opposite surfaces of the copper foil 
as the collector using a coater, followed by drying, whereby a 30 iim thick first layer on each of the opposite sur- 
faces of the collector. 

(iii) 90% by weight of spherical graphite powder and 10% by weight of powder of polyvinylidene fluoride were mixed 
45 to obtain a mixture, and the mixture was mixed with N-inethyl-2-pyrrolidone to obtain a paste-like material. The 

paste-like material was applied on each of the opposite first layers formed on the collector using a coater. followed 
by drying. The resultant obtained was subjected to drying treatment at 150 ''C under reduced pressure, whereby a 
10 urn thick second layer was formed on the surface of each of the opposite first layers formed on the collector By 
this, there was obtained an electrode structural body comprising the collector whose opposite surfaces having the 
so first and second layers formed in this order on each of them. 

(iv) The electrode structural body obtained in the above step (iii) was cut to obtain an electrode structural body hav- 
ing a prescribed size A lead wire made of nickel as an anode lead 612 was connected to the collector of the elec- 
trode structural too6y by way of spot wekfing. 

55 By this, there was obtained an anode 603. 

Herein, independently, for each of the above first and second layers on the collector, the specific resistance (the 
volume resistivity) was examined in the following manner using a measuring device shown in FIG. 15. Parficulariy. in 
the measuring device shown in FIG. 15, gap electrodes 801 (having three-layered structure comprising 100 nm thick Or 
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/200 nrathick Ag/100 nm ttiicK Or) are formed on a gt^s plate 800 to have a gap of about 250 [\m betwe^ them. Ref- 
^^ence numeral 803 indicate a DC power source which is electrically connected to the gap electrodes 801 as shown 
In FIG. 15. Reference numeral 804 indicates an ammeter. Reference numeral 802 indcates an object (the first layer, 
the second layer, or the collector] to t>e measured with respect to its specific resistance^ which is disposed on the gap 
5 electrodes 801. 

Now. each (802) of the first and second layers was separately formed on the gap electrodes 801 in accordance with 
the above-described corresponding layer forming manner. In a region where ohmic contact is established between the 
electrodes with respect to the relation between the voltage applied and the electric current (specifically, the relation in 
which the electric current is proportional to the voltage applied) against the first or second layer (802). given direct cur- 
10 rerrt from the DC power source 803 was flown to obtained a value by the ammeter 804. Based on the value obtained by 
the ammeter 804, an electric resistance was obtained. Based on the electric resistance thus obtained, the thickness of 
the layer, and the value of the electrode gap. there was obtained a specific resistance for each of the first and second 
layers. 

In this way. there was also obtained a specific resistance for the collector. 
IS As a result, it was found that the specific resistance of the second layer is greater than that of the first layer. It was 
also found that the specific resistance of each of the first and second layers is greater than that of the collector. 

(2) Preparation of cathode 606: 

20 Electrolytic manganese dioxide was mixed with lithium cartx}nate with a mole ratio of 1 : 0.4, followed by subjecting 
to heat treatment at 800 ""C. to thereby obtain a lithium-manganese composite oxide. With the resultant tithium-manga- 
nese composite oxide in an amount of 85 wt.%. 5 wt.% of powder of acetylene black and 10 wt.% of powder of pdyvi- 
nylidene fluoride were mixed. The resultant was mixed with N-methyl-2-pyn^olidone to obtain a paste-like material. The 
paste-like material was applied onto opposite surfaces of a 20 ^m thick aluminum foil as a cathode collector 604 using 

25 a coater, followed by subjecting to drying, successively to roller press treatment, and the resultant was dried at 1 50 ""C 
under reduced pressure to obtain an electrode structural body comprising a 90 thick cathode material layer 605 
formed on the opposite surfaces of the collector 604. 

The electrode structural body thus obtained was cut to obtain an electrode structural body having a prescribed size. 
A lead wire ntade of aluminum as a cathode lead 61 3 was connected to the collector of the electrode structural body by 

30 way of spot weMing. By this, tfiere was obtained a cathode 606. 

(3) Preparation of electrolyte solution: 

There was provided a moisture-free mixed solvent composed of ethylene cartsonate (EC) and dimethyl cartxinate 
35 (DMC) with an equivalent mixing ratio. 1 M (mol/L) of tetraf luoro lithium borate was dissolved in the mixed solvent. 
By this, there was obtained an electrolyte solution. 

(4) Separator 607: 

40 There was provided a 25 um thick polyethylene member having a numt>er of perforations as a separator 607. 

(5) Fabrication of rechargeable lithium battery: 

The fabrication of a rechargeatsle lithium battery was conducted in a dry argon atmosphere having been controlled 
45 with respect to moisture in the range of dew point to 50 **C. 

(i) The separator 607 was interposed between the anode 603 and the cathode 606. followed by spirally winding so 
as to provide an assembled body of the constitution comprising the separator/the cathode/the separator/the 

anode/the separator. 

so The assembled body was inserted into an anode can 608 made of stainless steel. 

(ti) The anode lead 612 was spot-welded to a bottom portion of the anode can 608. Necking was formed at the 
upper part of the anode can using a necking de/ice. The cathode lead 613 was spot-welded to a cathode cap 609 
provided with a gasket 610 made of polypropylene. 

(iii) The electrolyte solution was injected into the anode can. The cathode cap was put on. followed by sealing by 
65 way of caulking the cathode cap and the anode can using a caulking machine. 

By this, there was obtained a rechargeable lithium battery In this rechargeable lithium battery, the cathode has a 
greater capacity than that of the anode. 
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Example 2a 

The procedures of Example 27 were repeated, except that the flake-like copper powder used in the preparation of 
the anode was replaced by spherical copper poNMjer of 1 0 in average parttde size, to thereby obtain a rechargeable 
5 lithium battery of AA-size and having the configuration shewn in FIG. 13. 

Separately, for the collector, the first and second \ay&s in the anode, their spectftc resistances were evaluated in 
the same manner as in Exanple 27. 

As a result it was IburKi that the specific resistance of the secorxi layer is greater than that of the first layer and the 
specific resistance of each of the first and second layers is greater than that of the collector. 

10 

Example 29 

The procedures of Example 27 were repeated, except that the anode (603) was replaced by an anode prepared as 
will be described below, to theret>y obtain a rechargeable lithium battery of AA-size and having the conf iguration shown 
IS In FIG. 13- 

Preparation of anode 603: 

(i) Tin powder of 5 to 20 ^im In average partide size, spherical graphite powder of 5 jim in average particle size, and 
20 filament-like nickel powder of 0.8 ^m in average particle were mixed at a weight mixing ratio of 75 : 15 : 5 using an 

epicyde ball mill to obtain a mixture. The mixture was subjected to reduction treatment in hydrogen gas current at 
1 50 **C. The mixture thus treated and powder of polyvinylidene fluoride were mixed at a weight mixing of 95 : 5, fol- 
lowed by mixing with N-methyl-2-pynrolidone. whereby obtaining a paste-like material. 

(ii) There was provided a copper toil of 18 in thickness (whose opposite surfaces having been well deaned 
25 using acetone and isopropyl alcohol) as an anode collector 601 . 

The paste-like material obtained in the above step (i) was applied on the opposite surfaces of the copper foil 
as the collector using a coater, followed by drying, whereby a 30 ^m thick first layer on each of the opposite sur- 
faces of the collector 

(lii) 90% by weight of spherical graphite powder and 1 0% by weight of powder of polyvinylidene fluoride were mixed 
30 to obtain a mixture, and the mixture was mixed with N-methyt-2-pyrroIidone to obtain a paste-tike material. The 
paste-like material was applied on each of the opposite first layers formed on the collector using a coater, followed 
by drying. The resultant obtained was subjected to drying treatment at 1 50 **C under reduced pressure, whereby a 
10 ^m thick second layer was formed on the surface of each of the opposite first layers formed on the collector. By 
this, there was obtained an electrode structural body comprising the collector whose opposite surfaces having the 
35 first and second layers formed in this order on each of them. 

(iv) The electrode structural body obtained in the above step (m) was cut to obtain an electrode structural body hav- 
ing a prescribed size. A lead wire made of nickel as an anode lead 61 2 was connected to the collector of the elec- 
trode structural body by way of spot welding. 

40 By this, there was ofcrtained an anode 603. 

Separately, for the collector, the first and second layers in the anode, their specific resistances were evaluated in 
the same manner as in Example 27. 

As a result, it was found that the specific resistance of the second layer is greater than that of the first layer and the 
specific resistance of each of the first and second layers is greater than that of the collector. 

45 

Example 30 

The procedures of Example 27 were repeated, except that the anode (603) was replaced by an anode prepared as 
will be described below, to thereby obtain a rechargeable lithium battery of AA-size and having the configuration shown 
so in FIQ. 13. 

Preparation of anode 603: 

(i) Silicon powder (whose surface oxide films on their surfaces having been removed using an aqueous solution of 
55 hydrofluoric add and ammonium fluoride) of 3 ^m in average partide size, spherical graphite powder of 5 pm in 
average particle size, and filament-like nickel powder of 0.8 pm in average particle were mixed at a weight mixing 
ratio of 75 : 15 : 5 using an epicycle ball mill to obtain a mixtura The mixture and powder of polyvinylidene fluoride 
were mixed at a weight mixing of 95 : 5. followed by mixing with N-methyl-2-pyrrolidone, whereby ofcstaining a paste- 
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likejnateiial. 

(ii) Ih&e was provided a copper foil of 18 tim in thickness (whose opposite surfaces having been well cleaned 
using acetone and isopropyl alcohol) as an anode collector 601. 

The paste-Gke material olstained in the above st^ (i) was applied on the opposite surfaces of the copper fdl 
5 as the collector using a coater. followed by drying, whereby a 30 ^m thick first layer on each of the opposite sur- 

faces of the collector. 

(iii) 90% by weight of spherical graphite powder and 1 0% by weight of powder of polyvinylidena fluoride were nixed 
to obtain a mixture, and the mixture was mixed with N-methyl-2-pyrrolidone to obtain a paste-like material. The 
paste-like material was applied on each of the opposite first layers formed on the collector using a coater, followed 

10 by drying. The resultant obtained was subjected to drying treatment at 150 **C under reduced pressure, whereby a 
1 0 urn thid^ second layer was formed on the surface of each of the opposite first layers formed on the collector. By 
this, there was obtained an electrode structural body comprising the collector whose opposite surfaces having the 
first and second layers formed in this order on each of them. 

(iv) The electrode structural body obtained in the above step (iii) was cut to obtain an electrode structural body hav- 
15 ing a prescribed size. A lead wire made of nickel as an arxxie lead 612 was connected to the collector of the elec- 
trode structural body by way of spot welding. 

By this, there was obtained an anode 603. 

Separately, for the collector, the first and second layers in the anode, their specific resistances were evaluated in 
20 the same manner as in Example 27. 

As a result, it was found that the specific resistance of the second layer is greater than that of the first layer and the 
specific resistance of each of the first and second layers is greater than that of the collector. 

Example 31 

25 

The procedures of Example 27 were repeated, except that the anode (603) was replaced by an anode prepared as 
will be described below, to thereby obtain a rechargeable lithium battery of AA-size and having the configuration shown 
in FIG. 13. 

30 Preparatton of anode 603: 

(i) Tin powder of 20 ^m in average particle size was immersed in an aqueous solution of bismuth chloride and cop- 
per chloride, where the tin (Sn) components of the tin powder were partly substituted by Bi and Cu using a differ- 
ence among the elements' ionization tendencies. A specimen of the tin powder thus treated was dissolved In an 

35 acid and the acid solution was subjected to plasma luminescence analysis. As a result, the tin power thus treated 
was found to contain Bi and Cu respectively in an amount of about 10 atomic %. 

(ii) The tin powder treated in the at^ove step (i). spherical graphite powder of 5 iim In average particle size, and fil- 
ament-like nickel powder of 0.8 \im in average particle were mixed at a weight mixing ratio of 75 : 15 : 5 using an 
epicycle ball mill to obtain a mixture. The mixture was subjected to reduction treatment in hydrogen gas current at 

40 1 50 °C. The mixture thus treated and powder of polyvinytidene fluoride were mixed at a weight mixing of 95 : 5. fol- 
lowed by mixing with N-methyl-2-pyrrolidone, whereby obtaining a paste-like material. 

(iii) There was provided a copper foil of 18 ^m in thickness (whose opposite surfaces having been well cleaned 
using acetone and isopropyl alcohol) as an anode collector 601. 

The paste-like material obtained in the abwe step (ii) was applied on the opposite surfaces of the copper fdl 
45 as the collector using a coater, followed by drying, whereby a 30 ^m thick first layer on each of the opposite sur- 
faces of the collector. 

(rv) 90% by weight of spherical graphite powder and 10% by weight of powder of polyvinylidene fluoride were mixed 
to obtain a mixture, and the mixture was mixed with N-methyl-2-pynrolidone to obtain a paste-like material. The 
paste-tike material was applied on each of the opposite first layers formed on the collector using a coater, followed 
so by drying. The resultant obtained was subjected to drying treatment at 150 ''C under reduced pressure, whereby a 
10 pm thick second layer was formed on the surface of each of the opposite first layers formed on the collector. By 
this, there was obtained an electrode structural body comprising the collector whose opposite surfaces having the 
first and second layers formed in this order on each of them. 

(v) The electrode structural body obtained in the above step (iv) was cut to obtain an electrode structural body hav- 
55 ing a prescribed size. A lead wire made of nickel as an anode lead 612 was connected to the collector of the elec- 
trode structural body by way of spot welding. 

By this, there was obtained an anode 603. 
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Separately, for the collector, the first and second layers in the anode, their specific resistances were evaluated in 
the^same manner as in Example 27. 

As a result, it was found that the specific resistance of the second layer is greater tlian that of the first layer and the 
specific resistance of each of the first and second layers is greater than that of the collector. 

5 

Example 32 

The procedures of Example 27 were repeated, except that the anode (603) was replaced by an anode prepared as 
win be described below, to thereby obtain a rechargeable lithium battery of AA-stze and having the configuration shown 
10 in FIG. 13. 

Preparation of anode 603: 

(i) Silicon powder of 3 ^ in average particle size and 98% in purity was immersed in an aqueous solution of 
15 hydrofluoric add and ammonium fluoride to remove suriace oxide films present on their surfaces. 

Herein, for the silicon powder thus treated, the surfaces thereof may be covered by Cu or Ag by way of electro- 
less plating using chemical reduction reaction in which tin colloid (containing tin ions) is deposited on their surfeces, 
the deposited tin components are substituted by Pd, and the resultant is subjected to reduction reaction using the 
Pd as a catalyst. 

20 In view of this, the above silicon powder whose surface oxide films present on their surfaces have been 

removed was immersed in an electroless plating solution containing potassium tartrate-sodium copper complex 
and formaldehyde dissolved therein, followed by heating to conduct copper-coating treatment. The resultant was 
subjected to heat treatment in hydrogen gas current at 150 ^'C to reduce oxide materials present on tiie copper sur- 
faces of the silicon powder, whereby silicon powder whose surfaces having been covered by Cu. 

25 (ii) The silicon powder treated in the above step (i), spherical graphite powder of 5 ^m in average particle size, and 
filament-like nickel powder of 0.8 \Lm in average particle were mixed at a weight mixing ratio of 75 : 15 : 5 using an 
epicycle ball mill to obtain a mixture. The mixture and powder of polyvinylidene fluoride were mixed at a weight mix- 
ing of 95 : 5. followed tsy mixing with N-mettTyl-2-pyrrolidone, whereby obtaining a paste-like material. 

(iii) There was provided a copper foil of 18 |im in thickness (whose opposite surfaces having been well cleaned 
30 using acetone and isopropyl alcohol) as an anode collector 601 . 

The paste-like material obtained in the above step (ii) was applied on the opposite surfaces of the copper foil 
as the collector using a coater, followed by drying, whereby a 30 ^m thick first layer on each of the opposite sur- 
faces of the collector. 

(iv) 90% by weight of spherical graphite powder and 10% by weight of powder of polyvinylidene fluoride were mixed 
35 to obtain a mixture, and the mixture was mixed with N-methyl-2-pyrrolidone to obtain a paste-like material. The 

paste-like material was applied on each of the opposite first layers formed on the collector using a coater, followed 
by drying. The resultant otstained was subjected to drying treatment at 150 ""C under reduced pressure, whereby a 
10 Mm tiiick second layer was formed on the surface of each of the opposite first layers formed on tiie collector. By 
this, there was obtained an electrode structural tx)dy comprising the collector wfiose opposite surfaces having the 
40 first and secorxJ layers formed in this order on each of them. 

(v) The electrode structural body obtained in the above step (iv) was cut to obtain an electrode structural body hav- 
ing a prescribed siza A lead wire made of nickel as an anode lead 612 was connected to the collector of the elec- 
trode structural body by way of spot welding. 

45 By this, there was otTtained an anode 603. 

Separately for the collector, the first and second layers in tiie aruxle, their specific resistances were evaluated in 
the same manner as in Example 27. 

As a result, it was found that the specific resistance of the second layer is greater than that of the first layer and the 
specific resistance of each of the first and second layers is greater tiian that of the collector. 

so 

Example 33 

The procedures of Example 27 were repeated, except that the anode (603) was replaced by an anode prepared as 
will be described below, to thereby obtain a rechargeable lithium battery of AA-size and having the configuration shown 
55 in FIG. 13. 
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Preparation of anode 603: 

(i) There was provided a copper foQ of 1 8 fim in thickness (whose opposite surfaces having been well cleaned using 
acetone and isopropyl alcohof) as an anode collector 601 . 

5 The copper foil as a cathode and a SUS (stainless steel) plate as a counter electrode (an anode) were posi- 

tioned in an aqueous solution of nickel (II) nitrate with 0.1 M (mol/L), where electric current of 2.5 mA/cm^ was flown 
and the electric current of the cathode was properly controlled, whereby depositing nickel oxide on protrusions 
present on the opposite surfaces of the copper foil so as to cover the protrusions by the nickel oxide. The resultant 
was subjected to drying treatment at 150 ''C. 

10 (ii) The copper foil thus treated in the atxsve step (i) as a cathode and a SUS (stainless steel) plate as a counter 
electrode (an anode) were positioned in a tin-dectroplating solution (an aqueous solution containing 40 g/L of stan- 
nous sulfate. 60 g/L of sulfuric acid, and 2 g/L of gelatin dissolved therein), where electric current of 28 nWcm^ was 
flown whereby forming a 30 ^m thick tin material layer (as a first layer) comprising a grained tin material of 10 (im 
or less in average particle size on each of the opposite surfaces of the copper foil as the collector. For the partide 

IS size of the grained tin material as the tin material layer, it was determined by an electron microscope. 

The resultant obtained in the akxjve was subjected to drying treatment at 100 ""C under reduced pressure, 
(in) In accordance with the same manner as in the st^ (i) and while properiy controlling the electric current of the 
cathode, nickel oxide was deposited on protruded portions present on each of tiie opposite surfaces of the tin mate- 
rial layer as the first layer, followed by subjecting to drying treatment at 1 00 °C under reduced pressura 

20 (iv) 90% by weight of spherical graphite powder and 1 0% by weight of powder of polyvinylidene fluoride were mixed 
to obtain a mixture, and the mixture was mixed with N-methyl-2-pyrrolidone to obtain a paste-like material. The 
paste-like material was applied on each of the opposite first layers formed on the collector using a ooater, followed 
by drying. The resultant obtained was subjected to drying treatment at 150 **C under reduced pressure, whereby a 
10 (im thick second layer was formed on the surface of each of the opposite first layers formed on the collector. By 

25 this, there was obtained an electrode structural k>ody comprising the collector whose opposite surfaces having the 
first and second layers formed In this order on each of them. 

(v) The electrode structural body obtained in the above step (iv) was cut to obtain an electrode structural body hav- 
ing a prescrit>ed size. A lead wire made of nickel as an anode lead 612 was connected to the collector of the elec- 
trode structural body by way of spot welding. 

30 

By this, there was obtained an arKxie 603. 

Separately, for the collector, the first and second layers in the anode, tiieir specific resistances were evaluated in 
the same manner as in Example 27. 

a result, it was found that the specific resistance of the second layer is greater than that of the first layer artd the 
35 specific resistance of each of the first and second layers is greater than that of the collector. 

Example 34 

There was prepared a coin-like shaped rechargeable lithium battery having the configuration shown in FIQ. 12 in 
40 the following manner. 

( 1 ) Preparation of anode 501 : 

(i) Silicon powder of 1 to 3 |im in average particle size, tin powder of 20 iim in average particle size, spherical graph- 
45 ite powder of 5 pm in average particle size, and flake-like copper powder of 10 fim in width and 1 \im in thickness 

were mixed at a weight mixing ratio of 25 : 50 : 15 : 5 using an epicycle ball mill to obtain a mixture, the mixture and 
powder of polyvinylidene fluoride were mixed at a weight mixing of 95 : 5. followed by mixing with N-methyl-2-pyr- 
rolldone. whereby obtaining a paste-like material. 

(ii) There was provided a copper foil of 18 pm in thickness (whose opposite surfaces having been well cleaned 
so using acetone and isopropyl alcohol) as an anode collector. 

The paste-like material obtained in the above step (i) was applied on the surface of the copper foil as the col- 
lector using a coater. followed by drying, whereby a 30 pm thick first layer on each of the opposite surfaces of the 

collector. 

(iii) 85% by weight of powder of zinc oxide and 15% by weight of powder of polyvinylidene fluoride were mixed to 
55 obtain a mixture, and the mixture was mixed with N-m ethyl >2-pyrrolidone to obtain a paste-like material. The paste- 
like material was applied on the first layer formed on the collector using a coater, followed by drying. The resultarrt 
was subjected to drying treatment at 150 ""C under reduced pressure, whereby a 10 ^m tiiick second layer was 
formed on the first layer formed on the collector. By this, there was obtained an electrode structural body compris- 
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ing the collector whose surface having the first and second layers laminated in this order thereon. 
<iv) The electrode structural body otitained in the above step (iii) was cut to obtain an electrode structural body hav- 
ing a preserved size. 

5 By this, there was ot>tained an anode 501 . 

Herein, ind^endentty. tor the collector, the first and second layers in the anode, their specific resistances were 
evaluated in the same manner as in Example 27. 

As a result, it was found that the specific resistance of the second layer is greater than that of the first layer and the 
specific resistance of each of the first and second layers is greater than that of the collector. 

10 

(2) Preparation of cathode 503: 

Electrolytic manganese dioxide was mixed with lithium cartsonate with a mole ratio of 1 : 0.4. followed by subjecting 
to heat treatment at 800 ""C, to thereby obtain a lithium-memganese composite oxide. With the resultant lithium-manga- 

15 nese composite oxide in an amount of 85 wt.%. 5 wt.% off powder of acetylene black and 1 0 wt% of powder of polyvi- 
nyl idene fluoride were mixed. The resultant was mixed with N-methyK-2-pyrrolidone to obtain a paste-like material. The 
paste-tike material was applied onto a surface of a 20 pm thick aluminum foil as a cathode collector using a coater. fol- 
lowed by subjecting to drying, successively to roller press treatment, and the resultant was dried at 150 °C under 
reduced pressure to obtain an electrode structural body comprising a 90 ^m thick cathode material layer formed on the 

20 surface of the collector. 

The electrode structural body thus obtained was cut to obtain an electrode structural body having a preserved size. 
By this, there was obtained a cathode 503. 

(3) Preparation of electrolyte solution: 

25 

There was provided a moisture-free mixed solvent composed of ethylene carbonate (EC) and dimethyl carbonate 
(DMC) with an equivalent mixing ratio. 1 M (mol/L) of tetraf luoro lithium borate was dissolved in the mixed solvent. 
By this, there was ot>tained an electrolyte solution. 

30 (4) Separator 507: 

There was provided a 25 um thk:k polyethylene member having a number of perforations as a separator 507. 
(5) Fat>rication of rechargeable lithium battery: 

35 

The fabrication of a coin-shaped rechargeable lithium battery was conducted in a dry argon atmosphere having 
been controlled with respect to moisture in the range of dew point to 50 ^'C. 

(i) The cathode 503 and the separator 507 were inserted in a cathode can 506, followed by installing a gasket 510 
40 made of polypropylene. Then, the electrolyte solution was injected, followed by laminating the anode 501 on the 
separator 507. Successively, a spacer (not shown in FIG. 12) was installed to pinch the cathode 503 and the anode 
501 so as to press them from the opposite sides. Then, an anode cap 505 was put on. followed by sealing by way 
of caulking the cathode can and the anode cap using a caulking machine. 

45 By this, there was obtained a coin-shaped rechargeable lithium battery. In this rechargeable lithium battery, the 
cathode has a greater capacity than that of the anode. 

Incidentally, in Examples 27 to 34. there was used the foregoing lithium-manganese composite oxide only as the 
cathode active material. This is only for the purpose of evaluating the performances of the anode in each case. It is a 
matter of course that other cathode active materials including, for example, lithium-nickel composite oxide, lithium- 
50 cobalt composite oxide, and lithium-vanadium composite oxkie can be optionally used. 

Similarly, although only one kind electrolyte solutbn was used in Examples 27 to 34. any other electrolyte solutions 
can be optionally used. 

RefQrengg Example 8 

55 

The procedures of Example 27 were repeated, except that the anode (603) was replaced by a single-layered anode 
prepared as will be described k)elow, to thereby obtain a rechargeable lithium battery of AA-size and having the conf ig- 
uration shown in FIG. 13. 
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Preparation of anode 603: 
« 

(t) 90% by weight of spherical graphite powder and 10% by weight of powder of polyvinylidene fluoride were mixed 
to obtain a mixture, and the mixture was mixed with N-methyt-2-pyniolidone to obtain a paste-like material. 

5 (11) There was provided a copper foil of 18 ^m in thickness (whose opposite surfaces having been cleaned using 

acetone and isopropyl alcohol) as an anode collector 601 . 

The paste-like material obtained in the above step Q) was applied on each of the opposite surfaces of the cot- 
lector using a coater, followed by drying. The resultant was subjected to roll-press treatment to form a 90 tun thick 
graphite layer on each of the opposite surfaces of the collector, followed by subjecting to drying treatment at 150 

10 **C under reduced pressure. By this, there was obtained an electrode structural body comprising the collector 
whose opposite surfaces having the graphite layer formed an anode material layer on each of them, 
(iii) The electrode structural body oknained in the above st^ (ii) was cut to obtain an electrode structural body hav- 
ing a prescribed size. A lead wire made of nickel as an anode lead 612 was connected to the collector of the elec- 
trode structural body by way of spot welding. 

IS 

By this, there was obtained an anode 603. 

Reference EyamplQ 9 

20 The procedures of Example 30 were repeated, exc^t that the silicon powder of 3 ^ in average particle size in the 
step (0 in the preparation of anode 603 was replaced by silicon powder of 60 ^m in average partide size, to thereby 
obtain a rechargeaksle lithium kiattery of AA-size and having the configuration shown in FIG. 13. 

EVALUATION 

25 

For each of the rechargeable batteries obtained in Examples 27 to 34 and Reference Examples 8 and 9, its battery 
capacity (namely, an energy density per a unit volume of the battery) and its charging and discharging cyde life were 
evaluated through the charging and discharging cyde test 

The charging and discharging cyde test was conducted in the following manner. That is. each rechargeable battery 

30 is placed in a charging and discharging device HJ-106M (produced by Hokuto Denko Kabushiki Katsha). wherein 
charging and discharging are alternately repeated under corxiitions of 0.2 C (electric current of 0.2 time the electric 
capadty per an hour based on the electric capacity calculated from the cathode active material of the rechargeable bat- 
tery) for the charging and discharging, and 30 minutes for the rest As for other conditions, in the case of a rechargeable 
lithium battery, the cut-off voltage upon charging is made to be 4.2 V and that upon discharging is made to be 2.5 V. 

35 The charging and discharging cyde test was initiated by operating charging. In the charging and discharging test, 
as for each rechargeable battery there were obsen/ed its battery capacity (that is. an energy density, namely, a dis- 
charge energy density) per a unit volume of the rechargeable battery and its charging and discharging cyde life. The 
battery capacity was based on the service capadty after the third repetition of the charging and discharging cyde. And 
the charging and discharging cycle life was teased on the number of the charging and discharging cyde having been 

40 repeated until the battery capacity became less than 60% of the initial battery capacity. 

For tiie energy density (Wh/L. with L being liter) per a unit volume of the battery, it was evaluated based on a value 
obtained by the equation [average operation voltage (V) x discharge electricity quantity (Ah)] A}attery volume (L) . The 
battery volume herein is based on the outer size of an assembled body comprising the anode/the separatorAhe cath- 
ode. 

45 In this way. for each of the rechargeable batteries obtained in Examples 27 to 34 and Reference Examples 8 and 
9, its energy density per a unit volume of the t>attery and its diarging and discharging cyde life were evaluated. 

Herein, it should be understood that Reference Example 9 was conducted chiefly for the comparison purpose with 
respect to the effect of the average particle size of the host matrix material of the first layer in the anode. 

In tiie following, the evaluated energy densities of the rechargeable batteries otJtatned in Examples 27 to 34 are 
so collectively shown, where the figure shown for each of Examples 27 to 34 is a value relative to the evaluated energy 
density of Reference Example 8. which is set at 1 .0. 

Example 27 1 .6 

Example 28 1.4 

55 Example 29 1.5 

Example 30 1 .3 

Example 31 1 .6 

Example 32 1 .4 
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Example 33 1.5 
Example 34 1.4 

Based on the above results, it is understood that any of the rechargeable batteries of Examples 27 to 34 has a 
5 desirable energy density which is apparently higher than that of the rechargeable battery of Reference Exanple 8 in 
which graphite in whi(^ lithium ion is intercalated tpon charging is used in the anode. 

For the charging and discharging cycle life, it was found that although the charging and discharging cyde life of the 
rechargeable battery of Example 34 is somewhat Inferior to that of the rechargeable battery of Reference Example 8. 
the charging and discharging cycle life of each of the remaining examples is substantially the same as that of Example 
10 8. 

In order to examine the effects of the average particle size of the grained host matrix material according to the 
present invention, the charging and discharging cycle life of the rechargeat)le battery of Example 30 in which the 
grained host matrix material (the silicon powder) having a relatively small average particle size (3 \im) is used in the first 
layer of the anode was compared with that of the rechargeable battery of Reference Example 9 in which the grained 
15 host matrix material (the silicon powder) having a greater average particle size (60 pm) is used in the first layer of the 
anode. 

Particularly, the ratio of the repeated number of the charging and discharging cyde until the battery capacity 
became less than 60% of the initial battery capadty for the former (Example 30) to that for the latter (Reference Exam- 
ple 9) was examined. The examined result was 1.9 (the cycle life of Example 30/the cyde life of Reference Example 9). 
20 This reveals that the use of a grained host matrix material having an appropriately small average particle size in the 
first layer in the anode achieve a prolonged charging and discharging cyde life. 

In order to examine the effects of the element substitution for the grained host matrix material according to the 
present invention used in the first layer in the anode, tiie charging and cfischarging cycle life of the rechargeable battery 
of Example 31 in which the element sut>stitution was conducted was compared with tiiat of the rechargeable battery of 
25 Example 29 in which such element substitution was not conducted. Particularly, this comparison was conducted by nor- 
malizing the diarging and discharging cyde of Example 29 at 1 .0. 

The compared result was 1.2 for the cycle life of Example 31/the cyde life of Example 29. This reveals that in the 
case where the grained host matrix material is partly substituted by Cu or Bi, the charging and dischcirging is further 
prolonged. 

30 In order to ^camine the effects when the surfaces of the grained host matrix material in powder form according to 
the present invention which is used in the first layer in the anode are covered by a highly electrically conductive material, 
the energy density and the charging and discharging cycle life of the rechargeable battery of Example 32 in which such 
surface coating was conducted were compared with those of the rechargeat>le battery of Example 30 in which such sur- 
face coating was not conducted. Particulariy. this comparison was conducted by normalizing each of the energy density 

35 and the charging and discharging cyde of Example 30 at 1 .0. 

The compared results were 1 . 1 for the energy density of Example 32Ahe energy density of Example 30 and 1 .3 for 
the cyde life of Example 32/the cycle life of Example 30. These facts reveal that in the case where the surfaces of the 
grained host matrix material in powder form (that is, the silicon powder) used in the first layer in the anode are covered 
by a highly electrically conductive material (Cu). the performance of electric current Is improved to Improve the energy 

40 density and the charging and discharging cycle life is further prolonged. 

In order to examine the effects due to the shape of the electrically conductive auxiliary is used together with the 
grained host matrix material according to the present invention in the first layer in the anode, the charging and discharg- 
ing cyde life of the rechargeatsle battery of Example 27 in which the flake-like copper powder was used was corrpared 
with that of tiie rechargeable battery of Exanple 28 in which the spherical copper powder was used. Particulariy, tills 

45 comparison was oonduded by normalizing the charging and discharging cyde of Example 28 at 1 .0. 
The compared result was 1 .2 for the cyde life of Example 27/lhe cycle life of Example 28. 

This reveals that when electrically conductive auxiliaries having a different shape are used together with the 
grained host matrix material according to the present invention in the first layer in the anode, the packing density is 
improved to improve the electric current-collecting performance and tiie charging and discharging cyde life is further 
so prolonged. 

Based on the above-described facts. It is understood that according to the present invention, a high performance 
rechargeable lithium battery having a high energy density and a prolonged charging and discharging cycle life can be 
attained. 

55 
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Example 35 

[rechargeable nickel-zinc battery] 

5 There was prepared a coin-like shaped rechargeable nickel-zinc battery (having a two-layered anode material 

layer) having the configuration shewn in FIG. 12 in the following manner. 

(1 ) Preparation of anode 501 : 

10 (i) Powder of zirK: oxide of 20 ^m in average particle size, spherical graphite powder of 5 pm in average partide 
size, and flake-tike copper powder of 10 pm in width and 1 \im in thickness were mixed at a weight mixing ratio of 
85 : 5 : 5 using an epicycle bail mill to obtain a mixture. arxJ the mixture was mixed with an aqueous solution con- 
taining potytetrafluoroethylene dispersed therein to obtain a paste-like material containing said mixture and said 
polytetraf luoroethylene at a weight ratio of 95 : 5. 

IS (ii) There was provided an expanded metal member made of copper as an anode collector. The paste-like material 
obtained in the at)ove st^ (i) was applied on a surface of the expanded metal member as the collector using a 
coater, followed t)y subjecting to drying treatment, then subjecting to roller-press treatment, whereby a 125 pm thick 
first layer was formed on the surface of the collector. 

(iii) powder of ITO (ln203+ Sn02). graphite powder and powder of cartjoxymethylcellulose (as a binder) were mixed 
20 at a weight mixing ratio of 45 : 45 : 10 to obtain a mixture, and the mixture was mixed with water to obtain a paste- 
like material The paste-like material was applied on the first layer formed on the collector using a coater. followed 
by sutsjecting drying treatment, then subjecting to roller- press treatment, whereby a 25 pm thick second layer was 
formed on the first layer formed on the collector. By this, there was otjtained an electrode structural body compris- 
ing the collector whose surface having the first and second layers laminated in this order thereon. 
25 (iv) The electrode structural body obtained in the above step (iti) was cut to ok>tain an electrode structural body hav- 
ing a prescribed size. By this, there was otrtained an anode 501 . 

Herein, independently, for the collector, the first and second layers in the anode, their specific resistances were 
evaluated in the same nrranner as in Example 27. 
30 As a result, it was found that the specific resistance of the second layer is greater than that of the first layer and the 
specific resistance of each of the first and second layers is greater than that of the collector. 

(2) Pr^aration of cathode 503: 

35 Nickel hydroxide, nickel powder and cartx}xymethylcellulose were mixed, followed by adding water, whereby obtain- 
ing a paste-like material. A nickel foam member as a cathode collector was filled with the paste-like material. The result- 
ant was dried, followed by subjecting to roll press treatment, whereby an electrode structural kxxJy comprising a cathode 
material layer formed in the collector. 

The electrode structural body thus obtained was cut to obtain an electrode structural body having a prescribed size. 

40 By this, there was ofcTtained a cathode 503. 

(3) Electrolyte solution: 

As an electrolyte solution, there was provided a 30 wt.% potassium hydroxide aqueous solution added with lithium 
45 hydroxide. 

(4) S^arator 507: 

As a separator 507. there was provided a 100 |im thick composite body comprising a non-woven polypropylene 
so member (having subjected to water immersion treatment) interposed between a pair of polypropylene members having 
a number of perforations (having subjected to water immersion treatment). 

(5) Fabrication of rechargeable lithium battery: 

55 (i) The cathode 503 and the separator 507 were inserted in a cathode can 506 made of stainless steel dad by tita- 
nium, followed by installing a gasket 510 made of polypropylene. Then, the electrolyte solution was injected, fol- 
lowed t>y laminating the anode 501 on the separator 507. Successively, a spacer made of stainless steel (not 
shown in FIG. 12) was installed to pinch the cathode 503 and the anode 501 so as to press them from the opposite 
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sides. Then, an anode cap 505 made of stainless steel clad by titanium was put on, foOowed by sealing by way of 
^caulking the cathode can and the anode cap using a caulking machine. 

By this, there was obtained a coln>like shaped rechargeable nid^-zinc battery having a two-layered anode mate- 
5 rial layer. In this rechargeatsle nickel-zinc t)attery, the cathode has a greater capacity than that of the anode. 

Reference Example 10 

[rechargeable nickel-zinc battery] 

10 

The procedures of Example 35 were repeated, except that the step (iii) for the formation of the second layer in the 
preparation of anode 501 was not conducted, to therek>y obtain a coinHike shaped rechargeable nickel-zinc battery 
(having a single-layered anode material layer) having the configuration shown in FIG. 12. 

IS EVALUATION 

For each of the rechargeable batteries obtained in Example 35 and Reference Example 10. its battery capacity 
(namely, an energy der^ity per a unit volume of the battery) and its charging and discharging cycle life were evaluated 
through the charging and discharging cyde test 

20 The charging and discharging cycle test was conducted in the following manner. That is. each rechargeable battery 
is placed in a charging and discharging device I-U-106M (produced by Hokuto Denko Kabushiki Kaisha). wherein 
charging and discharging are alternately repeated under conditions of 0.2 C (electric current of 0.2 time the electric 
capacity per an hour based on the electric capacity cateulated from the cathode active material of the rechargeable tot- 
tery) for the charging and discharging, and 30 minutes for the rest. 

25 As for other conditions, in the case of a rechargeable nickel-zinc battery, the cut-off voltage upon charging is made 
to be 2.0 V and that upon discharging is made to be 0.9 V. 

The charging and discharging cycle test was initiated by operating charging. In the charging and discharging test, 
as for each rechargeat)le tsattery. there were observed its battery capacity (that is. an energy density, namely, a dis- 
charge energy density) per a unit volume of the rechargeable battery and its charging and discharging cyde life. The 

30 battery capacity was based on the service capacity after the third repetition of the charging and discharging cycia And 
the charging and discharging cyde life was based on the number of the charging and discharging cycle having been 
repeated until the battery capacity became less than 60% of the initial battery capadty. 

For the energy density (Wh/L) per a unit volume of the battery, it was evaluated based on a value obtained by the 
equation: [average operation voltage (V) x discharge electricity quantity (Ah)] /battery volume (L) . The battery volume 

35 herein is based on the outer size of an assembled body comprising the anode/the separator/the cathode. 

In this way, for each of the rechargeable batteries obtained in Example 35 and Reference Example 10. its energy 
density per a unit volume of the battery and its charging and discharging cycle life were evaluated. Based on the eval- 
uated results, examination was conducted of the effects of the secorxf layer used in the anode of the rechargeable bat- 
tery of Example 35 by comparing the charging and discharging cyde life of the rechargeable battery of Example 35 with 

40 that of the rechargeatsle battery of Reference Example 10. Particularly, this comparison was conducted by normalizing 
the charging and discharging cyde life of Reference Example 10 at 1 .0. The compared result was 1 .7 for the cyde life 
of Example 35/the cycle life of Reference Example 10. This reveals that when the anode material layer of the anode is 
designed to have such two-layered structure (comprising the first layer comprising the grained host matrix material 
according to the present invention and the second layer) as in Example 35. the charging and discharging cyde life is 

45 further prolonged. 

Example 3g 

[rechargeable zinc-oxygen battery] 

so 

There was prepared a coin-like shaped rechargeable zinc-oxygen battery having the configuration shown in FIG. 
12 in the following manner. 

(1) Preparation of anode 501 : 

55 

(i) Powder of zinc oxide of 20 ^m in average particle size, spherical graphite powder of 5 pm in average particle 
size, and f Qament-like nickel powder of 0.8 ^m in average particie size were mixed at a weight mixing ratio of 85 : 
5 : 5 using an epicycle ball mill to obtain a mixture, and the mixture was mixed with an aqueous solution containing 
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potytetrafluoroethylene dispersed therein to obtain a paste-like material containing said mixture and said poty- 
tetiHf (uoroethylene at a weight ratio of 95 : 5. 

(ii) There was provided an expanded metal member made of copper as an anode collector. The paste-like material 
otjtained in the above st^ (i) was applied on a surface of the expanded metal member as the collector using a 
5 coaler, followed by subjecting to drying treatment, then subjecting to roDer-press treatment, whereby a 1 25 fim thick 

first layer on the surface of the collector. 

(iu) powder of tungsten carbide and powder of carboxymethylcellulose (as a binder) were mixed at a weight mixing 
ratio of % : 5 to obtain a mixture, and the mixture was mixed with water to obtain a paste-like material. The paste- 
like material was applied onto the first layer formed on the collector using a ooater, followed by sutsjecting drying 
10 treatment, then subjecting to roller-press treatment, whereby a 25 ^m thick second layer was formed on the first 
layer formed on the collector. By this, there was obtained an electrode structural body comprising the collector 
whose surface having the first and second layers laminated in this order thereon. 

(iv) The electrode structural body obtained in the above step (iit) was cut to obtain an electrode structural body hav- 
ing a prescribed size. By this, there was obtained an anode 501 . 

15 

Herein, independently, for the collector, the first and second layers in the anode, their specific resistances were 
evaluated in the same manner as in Example 27. 

As a result, it was found that the specific resistance of the second layer is greater than that of the first layer and the 
specific resistance of each of the first and second layers is greater than that of the collector. 

20 

(2) Preparation of cathode 503: 

Powder of acetylene black, manganese dioxide, nickel oxide, and cobalt oxide were mixed to obtain a mixture. The 
mixture was mixed with an aqueous solution containing polytetrafluoroethylene dispersed therein to olstain a paste-like 
25 material. The paste-like material was applied onto a nickel mesh member as a cathode collector using a coater. fol- 
lowed by subjecting to drying treatment, then subjecting to roller-press treatment, whereby an electrode structural body 
comprising a cathode material layer formed on the nickel mesh member as the collector 

The elecb-ode structural body ti^us obtained was cut to obtain an electrode structural kxxiy having a prescribed size. 
By this, there was obtained a cathode 503. 

30 

(3) Electrolyte solution: 

As an electrolyte solution, there was provided a 30 wt.% potassium hydroxide aqueous solution added with lithium 
hydroxide. 

35 

(4) Separator 507: 

As a separator 507, there was provided a 100 ^m thick conposite body comprising a non-woven polypropylene 
member (having subjected to water immersion treatment) interposed between a pair of polypropylene members having 
40 a number of perforations (having subjected to water immersion treatment). 

(5) Fabrication of rechargeable lithium battery: 

(i) An air diffusing paper and a water repellent film made of tetraf luoroethylene were inserted in a cathode can 506 
45 made of stainless steel clad by titanium and whk:h is provided with a port for the introduction of air. Then, the cath- 
ode 503 and the separator 507 were inserted therein, followed by laminating the anode 501 on the separator 507. 
Successively, a spacer made of stainless steel (not shown in FIG. 12) was installed to pinch the cathode 503 and 
the anode 501 so as to press them. Then, an anode cap 505 made of stainless steel clad by titanium was put on, 
followed by sealing by way of caulking the cathode can and the anode cap using a caulking machine. 

so 

By this, there was obtained a coin-like shaped rechargeable zinc-oxygen battery. In this rechargeable zinc-oxide 
battery, the cathode has a greater capacity than that of the anode. 

Reference Example 1 1 

55 

[rechargeable zinc-oxygen battery] 

The procedures of Example 36 were repeated, except that in the step (i) in the {^reparation of anode 501 , without 
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using the spherical graphite pcwder and the filament-Gke nickel powder, the zinc oxide powder was mixed with an aque- 
ous solution containing polytetrafluoroethylene dispersed therein to obtain a paste-like material containing said zinc 
oxide powder and said polytetrafluoroethylene at a weight ratio of 95 : 5. whereby a coin-like shaped rechargeable zinc- 
oxygen t3attery having the configuration shown in FIG. 12. 

s 

EVALUATION 

For each of the rechargeable batteries obtained in Example 36 and Reference Example 11, its battery capacity 
(namely, an energy density per a unit volume of the battery) and its charging and discharging cycle life were evaluated 
10 through the charging and discharging cycle test in the same manner as in Example 35 and Reference Example 10. 

For each of the rechargeable batteries obtained in Example 36 and Reference Example 11 . there were obtained 
evaluated results with respect to the energy density and the charging arxj discharging cyde life. Based on the evaluated 
results, examination was conducted of the effects of the electrically corxluctive auxiliary used in the first of the anode of 
the rechargeable k>attery of Example 36 by comparing the en^y density and the charging and discharging cycle life of 
IS the rechargeable battery of Example 36 with those of the rechargeable battery of Reference Example 1 1 . 

Particularly, this comparison was conducted by normalizing each of the energy density and the charging and dis- 
charging cycle life of Reference Example 1 1 at 1.0. The compared result were 1.2 for the energy density of Example 
36/the energy density of Reference Example 1 1 . and 2.3 for the cyde life of Example 36/the cyde life of Reference 
Example 11. 

20 These facts reveal that when in the case where the anode is designed as In Example 36, the electric current-col- 
lecting performance is improved to improve the energy density and the charging and discharging cyde life is further pro- 
longed. Hence, it is understood that a high periormance rechargeable zinc-oxygen battery having a high energy density 
and a prolonged charging and discharging cyde life can be attained. 

25 Reference Example 12 

[recfiargeable lithium t)attery] 

The procedures of Example 27 were repeated, except that the anode (603) was replaced by an anode prepared as 
30 will be described below, to thereby obtain a rechargeable lithium battery of AA-size and having the configuration shown 
in FIG. 13. 

Preparation of anode 603: 

35 (1) Silicon powder of 3 ^m in average particle size, tin powder of 20 ^m in average particle size, spherical graphite 
powder, and flake-like copper powder were mixed at a weight mixing ratio of 25 : 50 : 15 : 5 using an epicyde ball 
mill to obtain a mixture. The mixture and powder of polyvinylidene fluoride were mixed at a weight mixing of 95 : 5. 
The resultant was mixed with N-methyl-2-pyrrolidone to obtain a paste-like material. 

(ii) There was provided a copper foil of 18 |j.m in thickness (whose opposite surfaces having been well deaned 
40 using acetone and isopropyl alcohol) as an anode collector 601 . The paste-like material obtained in the above step 

(i) was applied on the opposite surfaces of the copper foil as the collector using a coater, followed by drying, 
whereby a 30 pm thick first layer was formed on each of the opposite surfaces of the collector. 

(iii) A commercially available Ag-paste (having a lower specific resistance (1 x 10'^ O • cm) than said first layer) 
was applied on each of the opposite first layers formed on the collector using a coater, followed by subjecting to 

45 drying treatment, then subjecting to heat treatment at 160 **C, whereby forming a 1 0 ^m thick second layer on each 
of the opposite first layers. The resultant was subjected to drying treatment at 150 under reduced pressure. By 
this, there was obtained an electrode structural body comprising the collector whose opposite surfaces having the 
first and second layers laminated in this order on each of them. 

(iv) The electrode structural body obtained in the above step (iii) was cut to oknain an electrode structural body hav- 
so ing a prescribed siza A lead wire made of nickel as an anode lead 61 2 was connected to the collector of the elec- 
trode structural body by way of spot wekiing. By this, there was obtained an anode 603. 

Separately, for each of the first and second layers, their specific resistances were evaluated in the same manner as 
in Example 27. As a result it was found that the specific resistance of the second layer Is smaller than that of the first 
65 layer. 
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R^rence Example 13 
. [rechargeable lithium battery] 

5 The procedures of Example 1 3 were repeated, except that the anode (603) was replaced by an arKXie prepared as 

will be described below, to thereby obtain a rechargeat)le lithium battery of AA-size and having the configuration shown 
in FIG. 13. 

Preparation of anode 603: 

(i) There was provided a copper foil of 1 8 ^m in thickn^s (whose opposite surfaces having been well cleaned using 
acetone and isopropyt alcohol) as an anode collector 601. 

The copper foil as a cathode and a SUS (stainless steel) plate as a counter electrode (an anode) were pc^- 
tioned in a tin-electroplating solution (an aqueous solution containing 40 g/L of stannous sulfate. 60 g/L of sulfuric 
acid, and 2 g/L of gelatin dissolved therein), where electric current of 28 mA/cm^ was flown, whereby forming a 39 
^m thick tin material layer (as a first layer) comprising a grained tin material of 1 0 ^m or less in average particle size 
on each of the opposite surfaces of the copper foil as the collector The resultant was subjected to drying treatment 
at 100 *C under reduced pressure. 

(ii) On each of the opposite first layers formed in the above step (0. there was formed a 1 ^m thick alurrtinum layer 
(having an apparently lower specific resistance than the first layer) as a second on each of the opposite first layers 
formed on the collector by way of electron beam evaporation. By this, there was obtained an electrode structural 
body comprising the collector whose opposite surfaces having the first an6 second layers laminated in this order 
on each of them. 

(iii) The electrode structural body obtained in the above step (ii) was cut to obtain an electrode structural body hav- 
ing a prescribed size. A lead wire made of nickel as an anode lead 612 was connected to the collector of the elec- 
trode structural t>ody by way of spot welding. By this, there was ol^tained an anode 603. 

Separately, for each of the first and second layers, their specific resistances were evaluated in the same manner as 
in Example 27. As a result, it was found that the specific resistance of the second layer is smaller than that of the first 
30 layer. 

Reference Example 14 

[rechargeable nickel-zinc battery] 

35 

The procedures of Example 35 were repeated, except that the anode (501) was replaced by an anode prepared as 
will be described below, to thereby obtain a coin-like shaped rechargeable ntekel-zinc battery having the configuration 
shown in FIG. 12. 

40 (1) Preparation of anode 501 : 

(i) Powder of zinc oxide of 20 ^m in average particle size, spherical graphite powder of 5 ^m in average particle 
size, and flake-like copper powder of 10 |im in width and 1 iim in thickness were mixed at a weight mixing ratio of 
85 : 5 : 5 using an epicycle ball mill to obtain a mixture, and the mixture was mixed with an aqueous solution con- 

45 taining polytetrafluoroethytene dispersed therein to obtain a paste-like material containing said mixture arxJ said 
pdytetraf luoroethylene at a weight ratio of 95 : 5. 

(ii) There was provided an expanded metal member made of copper as an anode collector. The paste-like obtained 
in the above step (i) was applied onto a surface of the expanded metal member as the collector using a coater. fol- 
lowed by subjecting to drying treatment, then subjecting to rollerisress treatment, whereby a 125 ^m thick first layer 

so was formed on the surface of the collector. 

(iii) A commercially available Cu-paste powder (having a lower specific resistance (2 x 10*^ n - cm) than said first 
layer) was applied onto the first layer formed on the collector using a coater, followed by subjecting to drying treat- 
ment, then subjecting to roller-press treatment, whereby forming a 25 ^m thick second layer on the first layer. By 
this, there was obtained an electrode structural body compr^ing the collector whose surface having the first and 

55 second layers laminated in this order th^eon. 

(iv) The electrode structural body obtained in the above step (iii) was cut to obtain an electrode structural txxiy hav- 
ing a prescribed size. By this, there was obtained an anode 501 . 



47 



Page: 47 



EP0 855 752A2 



Separately, tor each of the first and second layers, their specific resistances were evaluated in the same manner as 
in Example 27. As a result it was found that the specific resistance of the second layer is smaller than that of the first 
layer. 

5 Reference Example 15 

[rechargeable zinc-oxygen tjattery] 

The procedures of Example 36 were repeated, except that the anode (501) was replaced by an anode prepared in 
10 the same manner as in Reference Example 14, to theret>y obtain a coin-like shaped rechargeable zinc-oxygen battery 
having the configuration shown in FIG. 12. 

Separately, for each of the first and second layers, their specific resistances were evaluated in the same manner as 
in Exannple 27. As a result it was found that the specific resistance of the second layer Is smaller than that of the first 
layer. 

15 

EVALUATION 

Evaluation was conducted in order to examine the effects due to the relation between the specific resistance of the 
first layer and that of the second layer in the anoda 

20 Particularly, each of the rechargeable batteries obtained in Reference Examples 12 to 15, its charging and dis- 
charging cyde life was evaluated through the charging and discharging cycle test. 

The charging and discharging cycle test was conducted in the following manner. That is, each rechargeable battery 
is placed in a charging and discharging device HJ-106M (produced by Hokuto Denko Kabushiki Kaisha). wherein 
charging and discharging are alternately repeated under concGtions of 0.2 C (electric current of 0.2 time the electric 

25 capacity per an hour based on the electric capacity calculated from the cathode active material of the rechargeable bat- 
tery) for the charging and c£scharging. and 30 minutes for the rest As for other conditions, in the case of a rechargeable 
lithium battery (Reference Examples 12 and 13). the cut-off voltage upon charging is made to be 4.5 V and that upon 
discharging is made to be 2.8 V, and In the case of a rechargeable zinc series battery (Reference Examples 1 4 and 1 5), 
the cut-off voltage upon charging is made to be 2.0 V and that upon discharging is made to be 0.9 V. 

30 The charging and discharging cycle test was initiated by operating charging. In the charging and discharging test, 
as for each rechargeak^le battery, its charging and discharging cyde life was ot)served. The charging and discharging 
cyde life was based on the number of the charging and discharging cycle having been repeated until the battery capac- 
ity became less than 60% of the initial battery capadty. 

In this way. for each of the rechargeat>le batteries of Reference Examples 12 to 15. there was otTtained a value of 

35 the charging and discharging cyde life (this value will be hereinafter referred to as "cycle life value"). 

In the following, the cycle life values of the rechargeable batteries of Reference Examples 12 to 15 are collectively 
shown, where the cycle life value of each of Reference Examples 12 to 15 is shown in comparison with that of the cor- 
responding example (that is. Example 27. 13, 35, or 36) by normalizing the cycle life value of each of Reference Exam- 
ples 12 to 15 at 1.0. 

40 

Example 27/Reference Example 12 = 2.6 
Example 13/Reference Example 13 = 2.1 
Example 35/Reference Example 35 = 3.4 
Example 36/Reference Example 36 = 3.7 

45 

Based on the above results, it is understood that any of the rechargeable batteries in which the second layer has a 
specific resistance which is higher than that of the first layer has a longer charging and discharging cycle life. 

From the atx>ve description, the following facts are understood. The present invention provides an improved high 
performance electrode structural body which desirably solve the problems found in the prior art. i. a, in not only the con- 
50 ventional rechargeable lithium batteries in which the oxidation-reduction of lithium is used but also the rechargeable 
zinc series batteries in which he oxidation-reduction of zinc is used, such that their anode is liable to pulverize upon 
repeating the charging and discharging cycle over a long period of time, and a dendrite of lithium or zinc is liable to gen- 
erate or it is grown when it is generated, whereby causing internal-shorts between the anode and cathode, resulting in 
shortening the battery lifetime. By using this electrode structural body as the anode, there can be attained a high per- 
55 formance rechargeable bsXtery having a high battery capacity, a high energy density, and a prolonged charging and dis- 
charging cyde life. 
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Table 1 





density (g/cmf^) 


void rate 


average parti- 
cle size (^m) 


surface rough- 
ness dim) 


crystallite size 
(nm) 


^intensity ratio 


Example 1 


2.84 


0.61 


25 


10.6 


19.1 


6.2 


Example 2 


5.90 


0.19 


20 


4.3 


19,5 


6.2 


Examples 


6.10 


0.16 


10 


7.2 


20.7 


2.2 


Example 4 


6.56 


0.10 


0.5 


1.5 


14.6 


2.7 


Example 5 


2.20 


0.70 


50 


20.5 


- 


- 


Example 6 


3.52 


0.52 


30 


18.0 


- 


- 


Example 7 


2.75 


0.65 


40 


52.0 






Example 8 


1.35 


0.81 


10 


15.2 


18.3 


1.25 


Examples 


4.50 


0.55 


20 


7.5 


- 


- 


Example 10 


1.65 


0.33 


10 


8.2 






Example 1 1 


1.40 


0.34 


10 


9.5 


- 


- 


Example 12 


1.30 


0.45 


10 


11.0 






Reference 
Example 1 


7.29 


0 




0.2 


51.0 


1.8 


Reference 
Example 2 


0.90 


0.88 


70 


75.0 


9.5 


1.8 


Reference 
Example 3 


6.80 


0.07 


0.01 


0.6 


20.6 


1.61.6 



*: intensily ratio of the intensity of strongest peak (first peak) to that of second peak 
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Table 2 





additive in electrolyte solution 


Sn 


C 


O 


N 


Example 1 


gelatin: 2g/l 




2.5 


2.4 


0.6 


Example 2 


gelatin: 20g/l 




2.9 


2.6 


0.8 


Example 5 


4-vinylpyridine: 10ml/l 




5.0 


2.4 


0.4 


Example 6 


aniline and furan: respectively 5ml/l 




4.6 


2.3 


0.6 


Example 7 


gelatin: 2g/l, cartson: 20g/l 




7.5 


2.4 


0.6 


Reference Example 2 


none 




0.9 


2.4 


0 



so 



Tables 





Sn 


C 


O 


N 


Example 1 


1 


0.02 


0.20 


0.02 


Example 2 


1 


0.06 


0.30 


0.02 



49 



Page: 49 



EP0855 7KA2 



Table 4 



5 




anode 


cathode 


presence or 
absence of 
cracking 


presence or 
absence of 
pores 


t>attery capac- 
ity 


tsattery lifetime 


10 


Example 13 


Example 1 


Li-Mn com- 
posite oxide 


none 


present 


1.7 


28 




Example 14 


Exainp!e2 


Li-Mn com- 
posite oxide 


none 


present 


1.9 


30 


IS 


Example 15 


Examples 


Li-Mn com- 
posite oxide 


none 


present 


1.9 


20 


Example 16 


Example 4 


Li-Mn com- 
posite oxide 


none 


present 


2.0 


18 


20 


Example 17 


Examples 


Li-Mn com- 
posite oxide 


none 


present 


1.4 


27 


Example 18 


Example 6 


Li-Mn com- 
posite oxide 


none 


present 


1.8 


32 


25 


Example 19 


Example 7 


Li-Mn com- 
posite oxide 


none 


present 


1.6 


33 


Example 20 


Examples 


Li-Mn com- 
posite oxide 


none 


present 


1.8 


31 


30 


Example 21 


Examples 


U-Mn com- 
posite oxide 


none 


present 


1.7 


30 


Example 22 


Example 10 


Li-Mn com- 
posite oxide 


none 


present 


1.5 


17 




Example 23 


Example 1 1 


Li-Mn com- 
posite oxide 


none 


present 


1.7 


19 


35 


Example 24 


Example 12 


U-Mn com- 
posite oxide 


none 


present 


1.8 


25 




Example 25 


* 


U-Mn com- 
posite oxide 


- 


- 


1.5 


35 


40 


Example 26 




U-Mn com- 
posite oxide 




- 


1.5 


36 




Reference 
Example 4 


Reference 
Example 1 


U-Mn com- 
posite oxide 


present 


none 


1.5 


1 


45 


Reference 
Example 5 


Reference 
Example 2 


U-Mn com- 
posite oxide 


none 


present 


0.9 


10 




Reference 
Example 6 


Reference 
Example 3 


U-Mn com- 
posite oxide 


present 


none 


1.5 


2 


SO 


Reference 
Example 7 


carbonous 
materia) 


U-Mn com- 
posite oxide 






1.0 





*: modification (two-layered structure) of Example 1 



55 Claims 

1. An electrode structural body comprising a plate-like shaped collector having opposite surfaces and an electrode 
material layer formed on at least one of said opposite surfaces of said collector, wherein said electrode material 
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layer contains 35% by weight or more of a grained host matrix material of 0.5 to 60 in average particle siza 



2. An electrode structural body according to daim 1. wherein the electrode material layer has a void rate of 0.10 to 
0.86. 

5 

3. An electrode structural body according to daim 1 . wheren said electrode structural body is used in a rechargeaksle 
t}attery in which charging and discharging are edternately operated, arxi a plurality of pores of 0.10 to 10 \im in 
diameter are formed at a surfoce of the grained host matrix material layer after discharging. 

10 4. An electrode structural body according to claim 1 , wherein the electrode material layer has a thickness in the range 
of 5 to 500 pm. 

5. An electrode structural body according to claim 1 . wherein said electrode structural body is used in a rechargeable 
battery in which charging and discharging are alternately operated, the electrode material layer of the electrode 

IS structural body in unused state prior to operating either charging or discharging has a surface with a surface rough- 
ness of 1 to 60 \sm. 

6. An electrode structural body according to daim 1 . wherein the collector has a surface provided with at least a pro- 
truded portion and said protruded portion is covered by a material having a specific resistance which is greater than 

20 that of a constituent material of the collector. 

7. An electrode structural body according to daim 6, wherein the material by which the protruded portion of the col- 
lector is covered is an oxide of one or more elements selected from the group consisting of Ni, Zn. Sn. and In. 

25 8. An electrode structural body according to daim 1. wherein the average particle size of the grained host matrix 
material is in the range of 0.5 to 20 jim. 

9. An electrode structural body according to daim 1, herein the grained host matrix material comprises a grained 
material whose specific resistance in txjlk state being in the range of 1 x 10'^ to 1 x 10^ n * cm. 

30 

10. An electrode structural body according to daim 1, wherein the grained host matrix material comprises a grained 
material whose specific resistance in bulk state being in the range of 1 x 10'^ to 1 x 10'^ O • cm. 

11. An electrode structural body according to daim 1, wherein the electrode material layer contains 50% by weight or 
35 more of the grained host matrix material. 

12. An electrode structural txxly according to claim 1, wherein the grained host matrix material comprises a grained 
material composed of one or are elements selected from the group consisting of Si, Ge, Sn, Pb, In. Mg, arKi Zn. 

40 13. An eledrode structural body accorcfing to claim 1. wherein said electrode strudural body is used as an electrode 
of a rechargeable battery in which oxidation-reduction reaction of lithium is used, and the grained host matrix mate- 
rial of the electrode material layer conprises a grained material composed of one or more elements selected from 
the group consisting of Si. Sn, and In. 

45 14. An eledrode structural body according to claim 1 , wherein said electrode structural body is used as an electrode 
of a rechargeable battery in which oxidation-reduction readion of zinc is used, and the grained host matrix material 
of the electrode material layer comprises a grained material composed of one or more members selected from the 
group consisting of zinc oxide and zinc alloy. 

so 15. An electrode structural body according to claim 1, wherein the grained host matrix material comprises a grained 
material whose suriaces being covered by a layer comprising one or more kinds of metallic materials. 

16. An electrode structural txxJy according to daim 1 , wherein the electrode material layer contains an electrically con- 
ductive auxiliary in addition to the grained host rr^trix material. 

55 

17. An eledrode structural body according to claim 16, wherein the electrically conductive auxiliary comprises a car- 
bonous material or a metallic material. 
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18. An elec&rode structural body according to claim 16. wherein the dectrode material layo- contair^ the electrically 
.conductive auxiliary in an amount of 1 to 30% by weight. 

19. An electrode structural body according to daim 1 6. wherein the electrically conductive auxiliary is shaped In a form 
selected from the group consisting of a spherical form, a flake-like form, a filament-like form, a fibrous form, a spike- 
like form, and a needle form. 

20. An electrode structural body according to daim 1 , wherein the electrode material layer contains an organic polymer 
in addition to the grained host matrix material. 

21 . An electrode structural Ixxiy according to claim 20, wherein the electrode material layer contains the organic poly- 
mer in an amount of 2 to 20% by weight. 

22. An electrode structural body according to daim 1 , wherein the electrode material layer contains an electrically con* 
15 ductive auxiliary and an organic polymer in addition to the grained host matrix material. 

23. An electrode structural body according to claim 1 , wherein the grained host matrix material of the electrode material 
layer is constituted by a metallic tin material or a tin alloy material. 

20 24. An electrode structural body according to claim 23. wherein the tin alloy material is of a tin element content of 50% 
to less than100%. 

25. An electrode structural body according to daim 23, wherein the tin alloy material Is an alloy of Sn with one or more 
elements selected from the group consisting of Sb, Bi, Pb, Ni, Cu, Ag, and Zn. 

25 

26. An electrode structural body according to daim 23. wherein the grained host matrix material constituted t>y the 
metallic tin material or the tin alloy material is 0.5 to 60 |im in average particle size. 

27. An electrode structural body according to daim 23, wherein the grained host matrix material constituted by the 
30 metallic tin material or the tin alloy material is 10 to 50 nm in crystallite size. 

28. An electrode structural body according to daim 23, wherein the electrode material layer has a void rate in the range 
of 0.10 to 0.86. 

35 29. An electrode structural body according to daim 23. wherein the electrode material layer has a void rate in the range 
of 0.31 to 0.73. 

30. An electrode structural body according to claim 23, wherein the electrode material layer has a density in the range 
of 1.00 to 6.56 g/cm^. 

40 

31 . An electrode structural body according to claim 23. wherein the electrode material layer has a density in the range 
of 2.00 to 6.00 g/cm^. 

32. An electrode structural body according to claim 23. wherein said electrode structural body is used in a rechargeable 
45 battery in which charging and discharging are alternately operated, and a plurality of pores of 0.10 to 10 iim In 

diameter are formed at a surface of the grained host matrix material layer after discharging. 

33. An electrode structural body according to claim 23. wherein the electrode material layer has a thickness In the 
range of 5 to 500 ^m. 

50 

34. An electrode structural body according to claim 23. wherein said electrode structural body is used in a rechargeable 
battery in which charging and discharging are altemately operated, the eledrode material layer of the electrode 
structural body in unused state prior to operating either charging or discharging has a surface with a surface rough- 
ness of 1 to 60 Jim. 



55 



35. An electrode structural body accord ng to claim 23. wherein the electrode material layer contains one or more ele- 
ments selected from the groip consisting of C. N. O. F. and S. 
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36. An electrode structural body according to daim 35, wherein the one or more elements selected from the group con- 
sisting of C. O, F. and S are contained in a layer region of the electrode material layer on the side opposite the 
collector at an enhanced concentration. 

5 37. An electrode structural body according to claim 23. wherein the grained host matrix material constituted by the 
metallic tin material or the tin alloy material corrprises particles of the metallic tin material or the tin alloy material 
containing tin oxide among the particles or on surtaces of the particles. 

38. An electrode structural body according to daim 23. wherein the electrode material layer corrtains an organic poly- 
10 mer or/and a cartx>nous material in addition to the grained metallic tin host matrix material or tine grained tin alloy 

host matrix material. 

39. An electrode structural body according to daim 23 or 38. wherein said electrode structural body is used as an 
anode o1 a rechargeable battery in which oxidation-reduction reaction of lithium is used. 

75 

40. An electrode structural body according to any of daims of 1 to 39 which has an additional layer comprising 80 to 
98 % by weight of an inorganic material and 2 to 20 % by weight of an organic polymer on the electrode material 
layer comprising tiie grained matrix material formed on ttie collector. 

20 41. An electrode strudural body according to any of claim 40, wherein the grained host matrix material in bulk state at 
20 °C has a specific resistance which is greater than tiiat of the constituent material of the collector, and the inor- 
ganic material in bulk state at 20 '*C has a specific resistance which is greater than said specific resistance of the 
grained host matrix material. 

25 42. An electrode structural body according to daim 41 , wherein the specific resistance of the inorganic material is in 
the range of 1 x 10"'* to 1 x 10^ n • cm. 

43. An eledrode structural body according to daim 41, wherein the specific resistance of the inorganic material is in 
the range of 1 x 10"* to 1 x lO** n • cm. 

30 

44. An electrode structural body according to any of daims 40 to 43. where the additional layer has a thickness in the 
range of 1 to 30 |im. 

45. A rechargeable battery comprising at least an anode, a cathode, and an electrolyte and in which charging and dis- 
ss charging are alternately operated using oxidation-reduction reaction of an active material of said anode, character- 
ized in that said anode comprises a plate-Gke shaped collector having opposite surfaces and an electrode material 
layer formed on at least one of said opposite surfaces of said collector, said electrode material layer containing 35% 
by weight or more of a grained host matrix material of 0.5 to 60 in average particle size. 

40 46. A rechargeable battery according to claim 45, wherein the electrode material layer has a void rate of 0.10 to 0.86. 

47. A rechargeable k>attery according to claim 45, wherein a plurality of pores of 0.10 to 10 ^m in diameter are formed 
at a suriace of the grained host matrix material layer after discharging. 

45 48. A rechargeable battery according to daim 45. wherein the electrode material layer has a thickness in the range of 
5 to 500 fim. 

49. A rechargeable battery according to claim 45. wherein the electrode material layer of the anode in unused state 
prior to operating either charging or discharging has a surface with a surface roughness of 1 to 60 jim. 

so 

50. A rechargeatsle battery according to daim 45, wherein the collector has a surface provided with at least a protruded 
portion and said protruded portion is covered by a material having a specific resistance which is greater than that 
of a constituent material of the collector 

55 51. A rechargeable battery according to claim 50, wherein the material by which the protruded portion of tiie collector 
is covered is an oxide of one or more elements selected from the group consisting of Ni, Zn, Sn, and In. 

52. A rechargeable battery according to daim 45, wherein the average particle size of the grained host matrix material 
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is in th» range of 0.5 to 20 fon. 

53. A rechargeable battery according to claim 45, wherein the grained host matrix material comprises a grained mate- 
rial whose specific resistance in bulk ^ate being in the range of 1 x 10** to 1 x 10*^ O • cm. 

5 

54. A rechargeable battery according to claim 45. wherein the grained host matrix material comprises a grained mate- 
rial whose specific resistance in bulk state being in the range of 1 x 10'^ to 1 x 10'^ Q * cm. 

55. A rechargeatsle k)attery accorcfing to claim 45, wherein the electrode material layer contains 50% by weight or more 
10 of the grained host matrix material. 

56. A rechargeafc>le battery according to claim 45. wherein the grained host matrix material comprises a grained mate- 
rial composed of one or more elements selected from the group consisting of Si. Ge, Sn, Pb, In. Mg. and Zn. 

15 ST. A rechargeable battery according to claim 45. wherein said rediargeable battery is a rechargeable battery in which 
oxidation-reduction reaction of lithium is used, and the grained host matrix material of the electrode material layer 
comprises a grained material composed of one or more elements selected from the group consisting of Si, Sn. and 
In. 

20 58. A rechargeable battery according to claim 45. wherein said rechargeable battery is a rechargeable battery in which 
oxidation-reduction reactk>n of zinc is used, and the grained host matrix material of the electrode material layer 
comprises a grained material composed of one or more rhembers selected from the group consisting of zinc oxide 
and zinc allp/. 

25 59. A rechargeable battery according to claim 45, wherein the grained host matrix material comprises a grained mate- 
rial whose surfaces being covered by a layer comprising one or more kirxis of metallic materials. 

60. A rechargeable t}attery according to claim 45, wherein the electrode material layer contains an electrically conduc- 
tive auxiliary in additk)n to the grained host matrix material. 

30 

61 . A rechargeable t)attery according to daim 60, wherein the electrically conductive auxiliary comprises a cart)onous 
material or a metallic material. 

62. A rechargeable ksattery according to claim 61 . wherein the electrode material layer contains the electrically conduc- 
es tive auxiliary in an amount of 1 to 30% by weigfit. 

63. A rechargeaksle battery according to claim 60. wherein the electrically concftjctive auxiliary is shaped in a form 
selected from tiie group consisting of a spherical form, a flake-like form, a filament-like form, a fibrous form, a spike- 
like form, and a needle form. 

40 

64. A rechargeable battery according to claim 45. wherein the electrode material layer contains an organic polymer in 
addition to the grained host matrix material. 

65. A rechargeable battery according to claim 64, wherein the electrode material layer contains the organic polymer in 
45 an amount of 2 to 20% k>y weight. 

66. A rechargeable battery according to claim 45. wherein the electrode material layer contains an electrically conduc- 
tive auxiliary and an organic polymer in addition to the grained host matrix material. 

so 67. A rechargeatMe battery according to claim 45, wherein the grained host matrix material of the electrode material 
layer is constituted by a metallic tin material or a tin alloy material. 

68. A rechargeable battery according to claim 67, wherein the tin alloy material is of a tin element content of 50% to 
less than 100%. 

55 

69. A rechargeable battery according to claim 67. wherein the tin alloy material is an alloy of Sn with one or more ele- 
ments selected from the grotp consisting of Sb, Bi, Pb, fMi, Cu, Ag, arxJ Zn. 
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70. A rechargeable battery according to claim 67. wherein the grained host matrix material constituted by the metallic 
• tin material or the tin alloy material is 0.5 to 60 ^m in average partide size. 

71 . A rechargeable battery according to claim 67. wheran the grained host matrix material constituted by the metallic 
5 tin material or the tin atloy materia) is 1 0 to 50 nm in crystallite size. 

72. A rechargeable battery according to claim 67, wherein the electrode material layer has a void rate in the range of 
0.10 to 0.86. 

10 73. A rechargeable battery according to claim 67. wherein the electrode material layer has a void rate in the range of 
0.31 to 0.73. 

74. A rechargeable battery according to claim 67. wherein the electrode material layer has a density in the range of 
1.00 to 6.56 g/cm^. 

IS 

75. A rechargeat)le b>attery according to claim 67. wherein the electrode material layer has a density in the range of 
2.00 to 6.00 g/cm^. 

76. A rechargeable battery according to claim 67. wherein a plurality of pores of 0.10 to 10 ^ in diameter are formed 
20 at a surface of the grained host matrix material layer after discharging. 

77. A rechargeable battery according to daim 67. wherein the electrode material layer has a thickness in the range of 
StoSOO fim. 

25 78. A rechargeable battery according to claim 67. wherein the electrode material layer of the anode in unused state 
prior to operating either charging or discharging has a surface with a surface roughness of 1 to 60 |im. 

79. A rechargeable battery according to claim 67. wherein the electrode material layer contains one or more elements 
selected from the group consisting of C. N, O. F. and S. 

30 

80. A rechargeable battery according to claim 79. wherein the one or more elements selected from the group consist- 
ing of C. N, O, F. arxi S are contained in a layer region of the electrode material layer on the side opposite the col- 
lector at an enhanced concentration. 

35 81. A rechargeable battery according to claim 67, wherein the grained host matrix material constituted by the metallic 
tin material or the tin alloy material comprises partides of the metallic tin material or the tin alloy material containing 
tin oxide among the particles or on surfaces of the particles. 

82. A rechargeable battery according to daim 67, wherein the electrode material layer contains an organic polymer 
40 or/and a cartxtnous material in adcfition to the grained metallic tin host matrix material or the grained tin alloy host 

matrix material. 

83. A rechargeable battery according to claim 67, wherein said rechargeable battery is a rechargeatsle battery in which 
oxidation-redudion reaction of lithium is used. 

45 

84. A rechargeable battery according to claim 67. wherein said rechargeable battery is a rechargeatsle battery in which 
oxidation -reduction reaction of lithium is used, the anode comprising the electrode material layer in charged state 
has an elemental ratio of lithium element contained therein to the tin element contained therein in the range of 0.1 
to 3.52. 

so 

85. A rechargeable battery according to daim 45, wherein an additional layer comprising 80 to 98 % by weight of an 
inorganic material and 2 to 20 % by weight of an organic polymer is provided on the electrode material layer com- 
prising the grained matrix material formed on the collector. 

55 86. A rechargeable battery according to daim 85. wherein the grained host matrix material in bulk state at 20 °C has a 
specific resistance which is greater than that of the constituent material of the collector, and the inorganic material 
in bulk state at 20 ''C has a specific resistance which is greater than said specific resistance of the grained host 
matrix material in bu\k state. 
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87. A rechargeable battery according to daim 86, wherein the specific resistance of the inorganic material is in the 
•range of 1 x 10"^ to 1 x 10^ n • cm. 

88. A rechargeable batter according to daim 86. wherein the specific resistance of the inorganic material is in the range 
5 of 1x10*^tDlx10^n • an. 

89. A rechargealjle battery according to daim 85, wherein the additional layer has a thickness in the range of 1 to 30 
Jim. 

10 90. A process for producing an electrode strudural body, said process is characterized by induding a step of forming 
an electrode material layer containing 35% by weight or more of a grained host matrix material on at least a surface 
of a plate-like shaped collector. 

91 . The process according to daim 90. wherein the electrode material layer formed is controlled to have a void rate of 
15 0.10 to 0.86. 

92. The process according to daim 90, wherein the formation of the electrode material layer on the collector is con- 
ducted by means of coating. 

20 93. The process accorcfing to daim 90, wherein the formation of the electrode material layer on the collector is con- 
ducted by means of vapor phase deposition. 

94. The process accorc&ng to daim 90. wherein the formation of the electrode material layer on the collector is con- 
ducted by means of plating. 

25 

95. The process according to claim 90, wherein the grained host matrix material of the electrode material layer is con- 
stituted by a metallic tin material or a tin alloy material. 

96. The process according to daim 95, wherein the electrode material layer formed is controlled to have a void rate of 
30 0.10 to 0.86. 

97. The process according to claim 95, wherein the electrode material layer formed is controlled to have a void rate of 
0.31 to 0.73. 

35 98. The process according to daim 95. wherein the electrode material layer formed is controlled to have a density of 
1.00 to 6.56 g^cm^. 

99. The process according to claim 95, wherein the electrode material layer formed is controlled to have a density of 
2.00 to 6.00 g/cm^. 

40 

100. The process accorcfing to any of claims 95 to 99, wherein the formation of the electrode material layer on the col- 
lector is conducted by way of electroplating using electrochemical reaction in an electrolyte sdution. 

101 .The process according to daim 100. wherein the electroplating is conducted by positioning the collector as a cath- 
45 ode and a counter eledrode as an anode in the electrolyte solution and applying electric field of direct current, elec- 
tric field of altemate current, electric field of pulse, or a combination of two or more of these electric fields between 
said cathode and said anode to thereby treat at least a surface of the collector. 

102. The process according to daim 100. wherein the electrolyte solution contains at least Sn ion in an amount of 0.001 
50 to 5 mol/nter. 

103. The process according to claim 100, wherein the electirolyte solution comprises a Sn-containing solution selected 
from the group consisting of chloride sdution. fluoride solution, sulfate solution, cyanide solution, pyrophosphate 
solution, perchloric add solution, oxalate solution, potassium stannate solution, sodium stannate solution, and 

55 organic cartx>xylate solution, respectively containing Sn dissolved therein. 

104. The process according to daim 100. wherein the temperature of the electrdyte solution upon conducting the elec- 
troplating is made to be in the range of 0 to 85 '^C. 
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1 05. The process according to daim 1 01 . wherein the counter electrode as the anode comprises a tin metal or tin alloy. 

106. Tbe process according to daim 101 . wheran the electric current density at the cathode upon conducting the elec- 
troplating is made to be in the range of 1 to 50 mA/cm^. 

5 

lOT.The process according to daim 101. wherein a voltage of 0.05 to 10 V is applied between the cathode and the 
anode upon conducting the electroplating. 

1 0S.The process according to claim 101 . wherein the distance fc>etween the cathode and the anode is made to be in the 
10 range of 2 to 50 cm. 

109.The process according to daim 101 . wherein the ratio of the anode's area to the cathode's area is made to be in 
the range of 0.1 to 1. 

IS 110.The process according to claim 100. wherein the electrolyte solution contains a material comprising one or more 
elements selected from the group consisting of C. N. O. F, S, and H wtvch is dispersed therein. 

111. The process according to daim 110. wherein the matalal dispersed in the eiectrolyte solution comprises an 
organic compound. 

20 

112. The process according to daim 111, wherein the organic compound is incorporated into the electrode material 
layer by way of the electroplating. 

113. The process according to daim 111. wherein the organic compound comprises a monomer capable of causing 
2S electropolymerization. 

114. The process accorcfing to daim 113. wherein the monomer causes polymerization reaction on the cathode side 
upon conducting the electi-oplating. 

30 ll5.The process according to daim 100. wherein the electrolyte solution contains a material dispersed therein. 

116.The process according to daim 110, wherein as the material dispersed in the eledrolyte solution, a carbonous 
material is used. 

35 ll7.The process according to daim 116. wherein the carbonous material is incorporated into the electrode material 
layer by way of the elecb^oplating. 

118. The process according to daim 100. wherein the electrolyte solution contains a surface active agent dispersed 
therein. 

40 

119. The process according to daim 101. wherein as the electrolyte solution, an electrolyte solution containing at least 
Sn ion in an amount of 0.001 to 5 mol/liter and a material comprising one or more elements sdeded from the group 
consisting of C. N. O, F, S. and H is used, the electrolyte solution is maintained at a temperature of 10 to 50 ""C. a 
material made of Sn or Sn-alloy and having an area with a ratio of 0.5 ti3 1 to the area of the cathode is used as tiie 

45 anode, the distance between the cathode and the anode is made to be in the range of 5 to 30 cm, tiie electric cur- 
rent density at the cathode is made to be in the range of 3 to 20 mA/cm^, and electric field of direct current, electric 
field of alternate current, electric field of pulse, or a connbination of two or more of these electric fields is applied 
between the cathode and the anode under condition of applying a voltage of 0.05 to 1 0 V between the cathode and 
the anode, whereby forming tiie electrode material layer on the collector as tiie cathode. 

50 

120. The process according to daim 95. wherein the formation of the electrode material layer on the collector is con- 
ducted by way of chemical plating using oxidation-reduction reaction in an solution. 

1 21 -TTie process according to claim 120, wherein at least a surface of the collector is treated in a chemical plating solu- 
55 tion. 

1 22.The process according to daim 121 . wherein the chemical plating solution comprises a solution containing at least 
a reducing agent, a Sn-containing salt and a complexing agent dissolved therein. 
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123.1116 process aocorcfing to daim 121, wherein the chemical plating solution contains a material comprising one or 
^more elements selected from the group consisting of C. O. F. S, and H dispersed therein. 

124. The process according to daim 121. wherein the chemical plating solution contains an organic compound dis- 
5 persed therein. 

125. The process according to daim 121 , wherein an organic compound is dispersed the chemical plating solution and 
said organic compound is incorporated into the electrode material layer formed. 

w 126.The process accorcfing to daim 121 , wherein the chemical plating solution contains a material disposed therein. 

127.The process according to claim 121 . wherein a carbonous material is dispersed the chemical plating solution and 
said cartwnous material is incorporated into the electrode material layer formed. 

IS 1 28.The process according to daim 121. wherein the chemical plating sdution comprises a solution containing at least 
a Srvcontaining salt in an amount of 0.01 to 2 mol/liter, a reducing agent and a oomplexing agent dissolved therein 
and also containing an organic compound or/and a cartxxious material dispersed therein. 

129. The process according to daim 95, wherein after the formation of the electrode material layer, oxide materials 
20 deposited on surfaces of metallic tin material partides or tin alloy material partides present in the surface of the 

electrode material layer are removed. 

130. The process according to claim 129, wherein to remove the oxide materials is conducted by way of surface treat- 
ment using an alkaline or acid aqueous solution. 

25 

131 .The process according to claim 95, wherein after the formation of the electrode material layer, a step of drying the 
electrode material layer is conducted. 

132. The process according to claim 95. wherein after the formation of the electrode material layer, a step of subjecting 
30 the electrode material layer to press-treatment. 

133. A process for producing a rechargeable battery comprising at least an anode, a cathode, and an eledrolyte and in 
which charging and discharging are alternately operated using oxidation-redudion readion of an active material of 
said anode, charaderized in that said process includes a step of using an electrode structural body obtained in 

35 accordance with the process defined in any of daims 90 to 132. 

1 34. The process according to daim 133, wherein the rechargeable battery is a rechargeable battery in which oxidation- 
reduction reaction of lithium is used. 

4o 1 35.The process according to daim 1 33, wherein the rechargeable battery is a rechargeable battery in which oxidation- 
reduction reaction of zinc is used. 
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